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OF SOME XANTHOPHYLLS 


COMPARATIVE STUDY OF THE EFFECT OF PHOTOSYNTHETIC 
POISONS ON THE LIGHT-INDUCED TRANSFORMATION 


Z. M. Eidel' man, D. I. Sapozhnikov, N. V. Bazhanova, 


and O. F.. Popova 


V. L. Komarov Botanical Institute, USSR Academy of Sciences, Leningrad 


Translated from Fiziologiya Rastenii Vol. 7, No. 
Original article submitted February 26, 1959 


In the hypotheses of a number of workers, a definite 
role in photosynthesis is accorded to carotinoids [1-10], 
These hypotheses may be divided into two groups: 1) Some 
workers ascribe participation in oxygen transfer to caror 
tinoids; 2) others suggest that they are involved in the con- 
version and transfer of energy in the chain of primitive 
photochemical reactions [4-10], 

Calvin [8] believes that possibly there is a pi-com= 
plex between chlorophyll and carotinoids which ensures a 
close contact between their electronic systems and a con- 
version and transfer of energy within the complex. 

In a study of these problems it is appropriate to use 
various photosynthetic poisons which selectively inhibit 
reactions in photosynthesis, 

Studies of recent years [11] have provided a basis 
for the division of the plastid enzymes participating in 
photosynthesis into three main groups which control the 
photooxidation of water, photosynthetic phosphorylation, 
and fixation of carbon dioxide, It is now known that cer- 
tain poisons are specific inhibitors of the various groups 
(12, 13, 14]. Thus, hydroxylamine is a specific inhibitor 
of enzymes mediating the decomposition of hydrogen 
peroxide and the release of oxygen during the photooxida- 
tion of water, Sodium arsenite, iodoacetamide, and other 
compounds inhibit CO, fixation but have no effect on 
enzymes involved in the other stages of photosynthesis, 
Methylene blue and p-chloromercuribenzoic acid inhibit 
photosynthetic phosphorylation and CO, fixation but do 
not affect the enzyme system which mediates photooxida- 
tion of water. Dinitrophenol and o-phenanthroline in- 
hibit photosynthetic phosphorylation, CO, fixation, and only 
to a partial extent, photooxidation of water, 

The specificity of action of these poisons, their 
ability to inhibit selectively a given reaction in the photo- 
synthetic cycle, enable us to use them in evaluating the 
role of carotinoids in photosynthesis, 

In an earlier study [15] we have shown with hydroxyl- 
amine that lutein and violaxanthine participate in oxygen 
transfer during photosynthesis, 

The purpose of this study has been to clarify a possible 
role of carotinoids in reactions not immediate] y concemed 
with oxygen release, A comparative study of the effect 
of certain poisons which selectively inhibit various reac- 
tions on the light-induced conversion of xanthophylls has 
been made, 
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MATERIALS AND METHODS 


Elodea canadensis served as the experimental plant. 
The youngest shoot tips, 2-3 cm long, were selected, They 
were first thoroughly dried with filter paper and then placed 
in Koch dishes containing inhibitor solutions of definite con- 
centration, Control plants were kept in tap water, One 
group of dishes was placed in the light, and the other in 
the dark, A 1000-watt ZN-8 lamp served as an illumina- 
tion source, A water screen was interposed between the 
lamp and the plants in order to absorb the infrared radia- 
tion, During the exposure period the temperature did not 
fluctuate more than 2-3°, 

After exposure to light or dark, the plants were 
quickly dried with filter paper and ground in a 3:1 alco~ 
hol-acetone solution to which two or three drops of a 
saturated soda solution had been added, 

All experimental material was extracted at the 
same time, The pigments were then extracted into petro- 
leum ether from the alcohol-acetone solution, They were 
separated by paper chromatography [16]. Quantitative 
determination was made with an FEK-M colorimeter. 

Each treatment series was run in triplicate, Three parallel 
samples were taken from each replicate for determination 
of pigment content, Deviations from average values did 

not exceed 5%, In determination of the effect of poisons 
on the conversion of lutein and violaxanthine, the follow- 
ing concentrations were used; sodium arsenite, 0,002-0,1 
M; methylene biue, 0,0001-0,001 M; dinitrophenol, 0,0008- 
0,0016 M, 





RESULTS 


In the first series of experiments the effect of sodium 
arsenite on the light-induced conversion of lutein and vio- 
laxanthine was investigated, Exposure to the 0,01 M in- 
hibitor solution was for 20 minutes, Light intensity was 
100,000 lux, Results were as follows; the difference in 
percentage content of lutein and violaxanthine for the 
“control-light” treatment was 68.3%, for the “control- 
dark” treatment, 51,6%, and for the “poison=light” treat- 
ment, 64,9%, As these data indicate, at this concentra- 
tion, which is 50 times higher than that used by Arnon, 
sodium arsenite has no effect on the light reaction, The 
difference in percentage content between lutein and vio- 
laxanthine in the presence of the inhibitor is almost the 
same as that for the light control. 
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Inhibition of the light reaction by various 
poisons, A) sodium arsenite (0.01 M); B) 
methylene blue (0,001 M); C) dinitrophenol 
(0,0008.M); D) hydroxylamine (0,04 M). 
Light intensity 100,000 lux, Bar height is 
proportional to percentage of inhibition, 


In the second series of experiments the effect of 
methylene blue was studied, Exposure to the 0,001 M 
solution was for 20 minutes; as in the first series of ex- 
periments, light intensity was 100,000 lux, The difference 
in percentage content of lutein and violaxanthine for the 
“control-light” treatment was 66.8%, for the "control- 
dark” treatment, 49.5%, and for the *poison-light” treat~- 
ment, 41,2%, As these data show, 0,001 M methylene 
blue completely inhibits xanthophyll conversion in the 
light, The difference in percentage content of lutein and 
violaxanthine was 41.2% for the "poison-light” treatment. 
This treatment has, therefore, the same effect as the 
“control-dark" treatment, 

In the third series of experiments the effect of di- 
nitrophenol was studied, Exposure to a 0,0008 M solution 
was for 20 minutes; light intensity was 100,000 lux, Here 
the difference in percentage content of lutein and vio- 
laxanthine for the “control-light" treatment was 65.6%, 
for the “control-dark” treatment, 47.1%, and for the 
*poison-light" treatment, 45.5%. Clearly dinitrophenol 
also inhibits completely the light-induced conversion of 
xanthophylls, At concentrations which inhibit photosyn- 
thesis (8-10™ M), there is no difference between the 
“poison-light” treatment and the “control-dark*® treat- 
ment. 

These results are graphically illustrated in the 
figure, Data obtained in experiments with hydroxyl- 
amine are included for comparison, 


DISCUSSION 


Examination of our data on the effect of various 
inhibitors on light-induced conversion of xanthophylls 
indicates that there is reason to believe that the lutein- 
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violaxanthine system is involved not only in oxygen 
transfer, but also in certain other reactions of photosyn- 
thesis, In all probability it is involved in photosynthetic 
phosphorylation, 

This conclusion is based on the fact that methyl- 
ene blue and dinitrophenol inhibit the light-induced 
conversion of xanthophylls; since these compounds also 
inhibit photosynthetic phosphorylation and carbon dioxide 
fixation, a connection between these two processes and 
the conversion of xanthophylls might be assumed, Even 
at very high concentrations, however, sodium arsenite, 

a specific inhibitor of carbon dioxide fixation, has no 
effect on xanthophyll conversion, This fact, together 
with previously obtained information on the effect of 
anaerobiosis in the absence of CO, on xanthophyll con- 
version [17], enables us to exclude the possibility that 
there is a connection between xanthophyll conversion 
and CO} fixation, 

To a certain extent these results support the hypo- 
thesis of a participation of carotinoids in energy transfer 
reactions which, as is well known, are involved in photo- 
synthetic phosphorylation, As Wassink suggests [18], for- 
mation of high-energy phosphate bonds during photosyn- 
thesis occurs in the initial stages of the photochemical 
reactions, 

Our data also suggest that certain xanthophylls 
participate in an electron transfer chain during photo- 
synthetic phosphorylation together with such compounds 
as flavin mononucleotides, vitamin "K", ascorbic acid, 
and cytochromes [11]. 


CONCLUSIONS 


1, The light-induced conversion of xanthophylls 
is inhibited by methylene blue and dinitrophenol in a 
manner similar to that of hydroxylamine, 

2, It is not inhibited by sodium arsenite, This 
conclusion is in agreement with previously obtained 
data [17] on the effect of anaerobiosis in the absence of 
CO,, and supports the view that light-induced conver- 
sion of xanthophylls is not directly related to CO, fixa- 
tion, 

3, The results obtained suggest that the lutein- 
violaxanthine system participates in energy transfer 
reactions, 
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Translated from Fiziologiya Rastenii Vol. 7, No, 2, pp. 133-140, March-April, 1960 


Original article submitted June 10, 1959 


The subject of a possible photochemical exchange 
of hydrogen atoms in the chlorophyll molecule is related 
to that of the mechanism of sensitization of photosynthesis 
by chlorophyll, and has its own history, which reflects the 
evolution of our concep*s of chlorophyll as a photocatalyst. 

Originally, photochemical exchange of hydrogen 
atoms of chlorophyll was regarded as a transfer of a hydro- 
gen atom from chlorophyll to an oxidant followed by re- 
duction of chlorophyll by hydrogen from water, Because 
of the ease of oxidation and tautomerization of the cyclo- 
pentanone ring, it was usually regarded as the oxidation— 
reduction center which fulfilled the catalytic function of 
chlorophyll, This hypothesis of reversible dehydrogena- 
tion, first advanced by Conant [1] and Willstatter [2], was 
developed by Frankk and Herzfeld [3] in the thirties and, 
after standing for about twenty years, lost its importance, 

At the present time, the development of our concepts 
of the mechanism of sensitization by chlorophyll is re- 
lated to the theory of the biradical nature of an excited 
pigment molecule which was advanced by Terenin [4]. 
Krasnovskii [5] has demonstrated a reversible photoreduct- 
ant of chlorophyll with in vitro reactions, and Evstigneev 
[6] has demonstrated the two-step electron— proton charac- 
ter of the interaction of chlorophyll with a hydrogen donor, 
and by varying conditions has succeeded in inhibiting the 
reaction at the stage of electron transfer to chlorophyll. 
These workers have obtained a large amount of material 
which suggests the existence of a reversible photoreduct- 
ant of chlorophyll in green leaf homogenates [7], and have 
suggested that these data could be used to evaluate the 
nature of the photocatalytic action of chlorophyll during 
photosynthesis [8]. 

The statement that probably there is a loss of an 
electron and a proton by a biradical form of chlorophyll 
followed by a reduction was made on a priori grounds [9] 
but was not confirmed experimentally. 

Thus, the possible photochemical exchange of hydro- 
gen atoms of chlorophyll during photosynthesis may be re- 
garded in two ways at the present time: as a transfer of an 
electron and a proton by a biradical form of the pigment, 
or as an exchange induced by the appearance in the mole- 
cule of unpaired electrons and an electrical charge which 
is not related to hydrogen transfer from water to carbon 
dioxide, The latter possibility, which has not been pre- 
viously considered in the literature on photosynthesis, is 
not excluded when there is a C—H group in the a -posi- 
tion to the carbon atom bearing the unpaired electron or 
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the negative charge, This type of exchange, consequently, 
depends on the site of rupture of the double bond in the 
chlorophyll molecule, 

The study of photochemical exchange of hydrogen 
atoms in chlorophyll, which has become possible with the 
advent of methods using labeled atoms, has not yet led 
to a clear decision, The investigations of Norris, Ruben, 
and Allen with tritium [10], and also those of Calvin and 
Aronoff with deuterium [11], have failed to yield con- 
clusive results because of the possibility of isotopic dis- 
crimination in the first case, and because of failure to 
take into account deuterium which had accumulated as 
a result of chlorophyll biosynthesis in the second case, 
Recently Vishniac and Rose [12], who also used tritium in 
experiments with Scenedesmus and Chlorella, came to 
conclusion that hydrogen atoms of chlorophyll, probably 
in the Cy) position of the cyclopentanone ring, partici- 
pate in photochemical exchange upon activation by light 
during photosynthesis, 

Out study was concemed with photochemical ex- 
change of hydrogen atoms of chlorophyll during photo~ 
synthesis and was carried out with heavy water (deuterium 
oxide) and with heavy nitrogen, ns, for evaluation of the 
rate of chlorophyll biosynthesis occurring during the ex- 
periment, In order to evaluate chemical exchange of 
labile hydrogen atoms, an experiment on exchange be~ 
tween chlorophyll and water in acetone was performed, 


MATERIALS AND METHODS 

Experimental Conditions 

Experiments were carried out in daylight with 
Elodea canadensis in a nutrient solution containing a 
given concentration of heavy water and ammonium sul- 
fate enriched with N“*, with preliminary exposure to 
carbon dioxide, Photosynthetic rate was measured by 
Winkler’s method in the first 30-60 minutes from experi- 
mental volume, but after gas saturation and removal of 
oxygen from control vials with the same concentration 
of plants and D,O and with the same pH, Measurements 
of respiratory rate were made at the same time. The 
amount of oxygen released was used to calculate the 
average number of water molecules split by one mole- 
cule of chlorophyll during photosynthesis, The amount 
of chlorophyll was determined colorimetrically after 
complete extraction from the plants with acetone, After 
the experiment, some of the shoots were used for deter- 
mination of the concentration of deuterium in the intra- 
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cellular water, and some were used for determination of 
protein and nonprotein nitrogen as described earlier [13, 
14}. Most of the plants were used for chlorophyll ex- 
traction, 


Extraction of Chlorophyll and Control of 








Its Purity 

Chlorophyll was extracted from the plants by the 
method of Willstatter and Stoll as modified by Osipova 
[15], which combines the extraction method and the 
chromatographic method of purification. It is necessary 
to point out that chromatography on talc for the removal 
of yellow pigments is effective only when the petroleum 
ether extracts have been thoroughly washed with water; 
otherwise it must be repeated three or four times and the 
final chlorophyll sample has a waxy character, At the 
same time, spectrophotometric observations of chloro- 
phyll solutions during purification fail to reveal con- 
taminants even at the stage of washing petroleum ether 
extracts with acetone prior to washing them with water, 
as shown in Fig. 1, 

This compelled us to seek a solution in the chemi- 
cal control of purity of chlorophyll preparations by de- 
termining magnesium obtained after ashing and dissolv- 
ing the residue in 2N HCl, or after pheophytinization of 
alcoholic solutions of chlorophyll, by the oxyquinoline 
method, 

With this method, two drops of methyl] orange were 
added to the magnesium solution, and enough 6N ammo- 
nium solution to produce a color change, plus an excess 
of one or two ml, was then added, (The ammonium 
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solution contained 25 g NH,Cl per 100 ml 25% NH OH.) 
After this, 1.5 ml of a 2% solution of oxyquinoline in 
alcohol was added, and precipitation was hastened by 
scraping the side of the container with a glass rod; after 
standing 10 minutes, the solution with the precipitate 

was heated to boiling and boiled two or three minutes, 
The precipitate was kept at room temperature one or 

two hours, and then transferred to a glass filter, where 

it was thoroughly washed with hot 2% ammonium chlo- 
ride until the water coming through the filter was color- 
less, after which it was dissolved in 2 N HCl, The solu- 
tion of magnesium oxyquinolate in hydrochloric acid 

was made up to volume, and an aliquot portion was sub- 
jected to determination as follows: One drop of methyl 
red, a quantity of potassium bromide corresponding to 

0,1 g per 0.4 mg magnesium, and enough potassium 
bromate (0,02) to produce a color change, plus three or 
four ml excess, were added; after three minutes, potas- 
sium iodide was added (0,1 g per 0.4 g magnesium), 

and the free iodine produced was back-titrated with thio- 
sulfate. In a control experiment, correction was made for 
the destruction of potassium iodide and potassium bromide 
in acid medium, This method enabled us to control puri- 
fication, determining 10-20 mg samples with an accuracy 
of 1-2%, 

In Table 1 are presented results of analysis of crys- 
talline products from experiments on photosynthesis (Nos, 
1-3) and on exchange (Nos, 4, 5), These preparations 
were subjected to ashing in a special apparatus for obtain- 
ing water whose hydrogen was then determined in a mass 
spectrometer, 
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Fig. 1. Absorption spectra of pigment solutions of Elodea canadensis: 1) acetone 
extract of plants; 2) solution of pigments in petroleum ether; 3) sodium of pig- 
ments in petroleum ether after washing with acetone, 
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TABLE 1 Analysis of Purity of Chlorophyil Preparations 
Analysis | Wt. of chlorophyll,| Theoretical amt, | Experimentally | Deviation from Relative | 
mg of Mg, mg obtained amt, | theoretical amt, error, % 
of Mg, mg %o 
1 8.4 0,226 0,239 6 2 
2 10,2 0.276 0,271 2 2 
3 25,0 0.684 0,691 1 0,8 
4 62,4 1.683 1.677 0.5 0.4 
5 50,8 1.372 1,380 0.6 0.6 











Ashing of Chlorophyll and Mass~-Spectro- 
graphic Determination of Hydrogen and 
Nitrogen 

Chlorophyll was ashed in a stream of oxygen passing 
through an apparatus schematically illustrated in Fig, 2, 

In order to dry the entering oxygen, it was first pas- 
sed through a calcium chloride absorbent (1), then a sod- 
{um hydroxide absorbent (2), then through a trap cooled 
by dry ice and acetone (3), The oxygen stream was then 
passed through a tube (4) filled with platinized asbestos 
and heated to 300° where traces of hydrogen were burned, 
The water formed in this process was frozen in a trap (5) 
cooled by dry ice and acetone, and the dry oxygen was 
then passed into a quartz tube containing a quartz com- 
bustion boat with chlorophyll (6). Tube (8) and the con- 
necting series of tubes (9) were first evacuated and heated 
to remove traces of moisture, and only then was the chloro- 
phyll ashed at gradually increasing temperatures (7). The 
part of the tube containing copper oxide was heated to 
700° beforehand, Upon completion of the operation, the 
whole system ( 6-9) was evacuated to a residual pressure 
of the order of 107 mm Hg, and water collected in the 
U-tube was distilled into one of the tubes in the connected 
series, which was then soldered off. The isotopic com- 














mass spectrometer after decomposition of water by metal- 
lic magnesium; the absolute error of determination was 
0.0014% D 


The isotopic composition of nitrogen of chlorophyll 
was determined by ashing a chlorophyll sample according 
to the Kjeldahl method, using selenium as a catalyst, and 
then converting the ammonia into nitrogen according to 
the method of Sprinson and Rittenberg {16], Accuracy of 
mass spectrographic determination of nitrogen was 0,0008%, 

The results of mass spectrographic analysis of hydro- 
gen and nitrogen are presented in Tables 2 and 3, 


Experiment on Exchange of Chlorophyll 
with Water in Acetone 

The following experiment was designed to evaluate 
the error introduced by isotopic exchange of labile hydro- 
gen atoms during extraction of chlorophyll, and also to 
determine the effect of light on exchange rate, 

Seventy mg of chlorophyll were dissolved in 10 ml 
of ether, and to this solution were added 40 ml of 99% 
D,O and 150 ml of acetone, The solution was divided 
into three approximately equal portions which were poured 
into 250 ml flasks; the flasks were then placed in illumin- 
ated controlled-temperature chambers at 25° and left there 


























position of hydrogen from the water was determined in a for three hours, (The solution was divided into three parts 
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Fig. 2. Apparatus for ashing chlorophyll. 
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TABLE 2 Accumulation of Deuterium in Chlorophyll 
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Time, | Original conc, | Conc, of DO in Theo, amt, of D based on| Conc, of D| Percent 
hrs, of D,0, % intracellular water | one exchangeable atom | in chloro- | of ex- 
{n chlorophyll phyll change 
2 11.6 5,2 0.082 0.000 0,00 
4 20.0 9.8 0.136 0.000 0.00 
68 4.6 1.9 0.027 0.035 1,30 

















TABLE 3 Entrance of the Isotope into Chlorophyll, the Protein Fraction, and the Non-protein 


Fraction 
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Source of nitrogen 


-—-- 


Go N35 in the sample 








Chlorophyll 

Protein fraction 

Non-protein 
fraction 

% enrichment 
over the non~ 





protein fraction 


% N”* in the standard 








%o enrichment | %o N}5 in the sample |% enrichment 
over the orl- |% N* in the standard 
ginal value 


over the ori- 
ginal value 





4 hours 68 hours 
0.00 0.00 1.48 ' 1.80 
1.08 0.33 2.30 5.36 
2,42 5.80 5.06 16.70 
Chlorophyll 0,00 10.8 - 
Protein 6.00 32.0 - 




















TABLE 4 Experiment on Exchange of Chlorophyll with Water in Acetone 
| Chlorophyll conc.,| D,O conc., Theo, amt, of D in | Amt, meas- | Percent 
moles/ liter moles/liter | chlorophyll onthe | ured, % of ex- 
Time 
basis of one ex- change 
changeable H atom 
3 hrs , light 3.9°10™ 11-10 1.37% 0.092 6.7 
3.5 hrs , 
darkness 6.7°107% 1.4°10 1.37% 0,010 0.7 


to minimize layer thickness.) Another preparation of 
chlorophyll, 60 mg, was dissolved in 10 ml of ether and 
50 ml of acetone was added, The ether-acetone solution 
was poured into a flask which had been painted black, and 
then 20 ml of 99% D,O was added; the flask was placed 
in a chamber at the same temperature and left for 3,5 
hours, At the end of the experiment the chlorophyll was 
extracted from the solution with ether, and the ether solu- 
tion was dried for a day with potash, (The solution was 
decanted and evapor ated under a vacuum.) Final drying 
of the chlorophyll preparations and their decomposition 








were carried out by the method described above, 


Results of a mass spectrographic analysis of hydro- 
gen from water obtained by ashing chlorophyll samples 


are shown in Table 


4, 





this process, 





DISCUSSION OF RESULTS 


Thus, it may be stated that there is no accumula- 
tion of deuterium in chlorophyll during photosynthesis, 
while more than a hundred molecules of oxygen per 
molecule of chlorophyll on the average are released in 


Of course, the possibility of accumulation which 
falls within the limits of error of measurement cannot 
be overlooked, For us this calculation is of theoretical 
interest in that it {llustrates the potentialities of the 


method employing labeled atoms, The first thing it is 


necessary to know in order to quantitatively estimate 
exchange is the concentration of deuterium in the water 


of the chloroplasts, A study of the rate of penetration of 






113 



















deuterium into intracellular water revealed an over~all 
equilibrium between deuterium concentration of the ex- 
ternal environment and that of intracellular water which, 
under various experimental conditions, corresponded to 
half as much deuterium in the intracellular water as in 
the external environment [13], Atone time we calcu- 
lated what quantity of chlorophyll entering into exchange 
reactions would correspond to the error of measurement, 
and found it to be 1.6%,assuming the existence of a 
membrane effect between the cytoplasm and the chloro- 
plasts, as previously postulated (18, 19]. In a later study 
by Vartapetyan and Kursanov [20], water exchange in 
plants was examined in greater detail using O"* and 
proof was obtained of the existence of easily exchange- 
able (labile) and difficultly exchangeable forms of water. 
Judging from the rapid appearance of tritium in chloro- 
phyll in the experiments of Vishniac and Rose (5-30 min ), 
and from the lack of exchange between chlorophyll and 
water during extraction, it may be assumed that there is 
a rapid flow of water into the chloroplasts which is of the 
easily exchangeable form, and that the concentration of 
label is equal to that in the external environment after 
two and four hours’ exposure, as in our case, The possible 
percentage of chlorophyll participating in photochemical 
transfer would then be equal to: 


absolute error x 100% 
%, corresponding to 1 H atom 





4 0.0014% D x 100% 
20% D,0/72H of chlorophyll 





= 0.5%, 


At the same time, Vishniac and Rose found that the 
amount of chlorophyll entering into exchange reactions 
was 2,2%, and they came to the conclusion that there is 
a photochemical transfer of certain hydrogen atoms in 
chlorophyll, which were assumed to be located in the 
cyclopentanone ring. 

This conclusion seems to us to be premature inas- 
much as there were no indications given of the criteria of 
purity of chlorophyll preparations, In the experiment in 
which chlorophyll was converted into pheophytin, the 
amount entering into exchange fell to 0.2%, A more 
probable conclusion may be, therefore, that there is no 
photochemical transfer by an oxidation— reduction mech- 
anism, since isotope accumulation in chlorophyll occurs 
when the pigment molecule is first oxidized by transfer 
of an electron and proton, and subsequently reduced by 
an electron and proton from water, this process being 
mediated, probably, by aconjugated enzyme system, If, 
however, the chlorophyll is originally reduced, then the 
reverse reaction would involve loss of labeled hydrogen, 
More concrete considerations relating to an isotope effect 
on kinetics, and also to a photosynthetic complex, are at 
this time premature. 

It is now necessary to consider the second type of 
exchange of labile hydrogen atoms of chlorophyll, which 
is related to the appearance in the pigment molecule of 
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unpaired electrons and an electrical charge as a result 

of the action of light, This type of exchange corresponds 
to the case in which chlorophyll transfers only electrons, 
Isotopic exchange may occur in a C—H group in the 
&~-position to the carbon atom bearing the unpaired elec- 
tron or the negative charge; rate of exchange will depend 
on the type of bond and the catalytic influence of environ- 
ment involving an isotope effect which is expressed as 
the ratio of transfer rate constants, Kpy/Kp = 2-10.9 for 
deuterium [18], and Kj; Ky = 20 for tritium [10], The 
enrichment of chlorophyll with deuterium which we ob- 
served in the 68-hour experiment may not be proof of 
such exchange, since a parallel enrichment with N® in- 
dicates chlorophyll synthesis, Deuterium could be ac- 
cumulated at the stage of conversion of protochlorophyll 
to chlorophyll, The probability of exchange is not, how- 
ever, fully excluded, since the data of Weigl and Living- 
ston [17], which are ordinarily regarded as proof of the 
absence of exchange, indicate an exchange of one labile 
hydrogen atom which reaches 20% in acetone in the 
course of 24 hours, Data of still greater interest are 
presented by Vishniac and Rose [12], who found an ex- 
change of 16-79%, based on one exchangeable hydrogen 
atom, in chloroplast fragments which had been given a 
preliminary treatment with acetone, This exchange 
occurred in the light and was inhibited in the dark, In 
our experiment there was also more enrichment in the 
light than in the dark, All this indicates an acceleration 
of exchange in the light, but the extent to which this fs 
related to the behavior of chlorophyll during photosyn- 
thesis will only be determined by localization of the 
deuterium in in vivo and in vitro experiments; such a 
procedure involves methodological difficulties inherent 
in the refinement of techniques of mass spectrographic 
analysis and of destructive oxidation of the chlorophyll 
molecule, This might be an approach to the solution 

of the important question of the mechanism of sensitiza- 
tion by chlorophyll during photosynthesis, 


CONCLUSIONS 


1, Photochemical exchange of hydrogen atoms of 
chlorophyll may be related either to a transfer of an 
electron and a proton, i.e., a hydrogen atom, or to trans- 
fer of labile hydrogen atoms under the influence of forma- 
tion of a biradical as a result of the action of light, 

2, Experiments with Elodea canadensis in a nutri- 
ent solution containing deuterium oxide and heavy nitro- 
gen showed that after two and four hours" photosynthesis, 
when more than a hundred molecules of oxygen had been 
released per molecule of chlorophyll, there was no ac~ 
cumulation of deuterium in chlorophyll. 

3, It is concluded that probably there is no trans- 
fer of an electron and a proton in accordance with an 
oxidation— reduction mechanism, 

4, The accumulation of deuterium in chlorophyll 
in the 68-hour experiment is explained by chlorophyll 
biosynthesis and by a possible exchange of labile hydro- 
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gen atoms, in connection with which the acceleration 
of exchange of chlorophyll with water in vitro in the 
light is of interest. 

5, As a check on purity of chlorophyll prepara~ 
tions, the oxyquinoline method of determining mag- 
nesium of chlorophyll is recommended, It is possible 
to determine 10-20 mg samples of chlorophyll with an 
accuracy of 1-2%, 
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Absorption of radiant energy by plant leaves in the 
region of phytophysifological radiation (400-72C my) has 
now been studied fairly fully [1, 2]. There have been no 
studies on the optical properties of plant leaves in the 
ultraviolet and infrared regions, apart from the sole work 
of Moss on infrared radiation, cited in Rabinowitch’s mono- 
graph [3]. 

This led us to undertake a special investigation of 
the optical properties of leaves of different plants in these 
regions, In the present paper we give the results for ultra- 
violet radiation, This work was carried out with the aid 
of a spectrophotometer SF-4, equipped with an integrat- 
ing sphere, by the method described earlier [4]. As ma- 
terial we used the hothouse plants Begonia imperialis, B. 
Tex, B, peltata, Cordyline terminalis, Senecio pitasites, 
Codiaeum pictum, Dracaema deremensis, Ficus parcellf, 
Hydrangea sp., Iresine sp., and Acalypha tricolor, which 
differ in the structure and pigment content of their leaves. 
The results of the experiments are given in Figs, 1-3. 
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The absorption of radiant energy in the range 330- 
440 mp was practically the same for all the species of 
plants,and lay between 88 and 95%, The mean absorp- 
tion for the 15 species was 92% (Fig. 1,A,)snormal green 
leaves absorbed about 92%, and leaves pigmented with 
anthocyanins about 93%, The mean scatter for the 15 
species was 1,1-1.8%, The mesophytic or xeromorphic 
structure of the leaves had practically no effect on the 
absorption of ultraviolet light. The maximum absorption 
of ultraviolet radiation (93,5-95.4%) was found in the 
leathery xeromorphic leaves, pigmented with anthocyanins, 
of Codiaeum pictum (Fig. 1, Ag), andthe minimum (88,0- 
91.5%) in green Begonia peltata leaves, which are covered 
with a dense felty pubescence (Fig. 1, As). ' 

Leaves devoid of chlorophyll but containing caro- 
tenoids [yellow leaves of Codiaeum pictum (Fig. 1, As) and 
Senecio pitasites, red leaves of Acalypha tricolor (Fig. 
1, A,) and Iresine sp, (Fig. 1, Ag) and white leaves of Ficus 
parcelli (Fig. 1, A7)] didnot differ in absorption from normal 
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Fig. 1. Curves of optical properties of leaves. I) Absorption (A), reflection (R) and 
transmission (T) of energy (as percentage of incident energy); II) optical density, 1) 
Mean for 15 species; 2) red leaf of Codiaeum pictum; 3) green leaf of Begonia peltata; 
4) red leaf (without chlorophyll) of Acalypha tricolor; 5) yellow leaf of Codiaeum 
pictum; 6) red leaf (without chlorophyll) of Iresine sp.; 7) white leaf of Ficus parcelli; 
8) pink leaf of Cordyline terminalis; 9) white leaf of Dracaena deremensis, 
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Fig. 2, Absorption of radiant energy (A) and optical 
density (E) of plant leaves, F) Leaf as a whole; P) 
colorless leaf tissue; Pe) plastid pigments, 1) Dra- 
caena deremensis; 2) Senecio pitasites; 3) Codiaeum 
pictum; 4) Iresine sp.; 5) Acalypha tricolor; 6) mean 
for five species, 











green leaves in the region 300-350 my, but absorbed much 
less than the latter (50-90%) at 350-400 mp; the amount 
by which the absorption was reduced in this case was de~- 
termined by the carotenoid content and the presence or 
absence of anthocyanins, Absorption increased again, to 
60-90%, in the blue-violet region (400-440 my), 

Leaves in which the plastids are completely devoid 
of pigments [white leaves of Dracaena deremenstis (Fig. 
1, Ag) and pink leaves of Cordyline terminalis (Fig. 1, Ag)] 
were characterized by a marked reduction in the absorp- 
tion of longer ultraviolet and blue-violet rays; at 300- 
450 my they did not differ in absorption from normal 
leaves, whereas at 400 my they absorbed only 45-70%. 
The presence of anthocyanins caused a general increase 
in absorption, without altering the nature of the curve, 

The transmission and reflection of ultraviolet rays 
by normal leaves also varied very little (Fig, 1, T and R), 
The transmission for green leaves usually lay between 0,1 
and 2.8%, with a mean value of 1.4-1.9%, while the 
transmission of red leaves vatied from 0 to 2.5% (mean 
1,3-1,5%). 















Somewhat larger absolute values and differences 
between the species were found in the case of reflection, 
In green leaves the mean value was 6,4-6,8% and the 
range of variation 4,5-9,0%, while in red leaves the mean 
value was 5,3-5,6% and the range of variation 4,5-7,.0%, 

The optical density of the leaves was usually about 
1.1, and varied between 0.9-1.3 (Fig. 1, II). 

From a study of the optical properties of plant leaves 
containing different assemblies of pigments, we were able 
to determine the fraction of energy absorbed by different 
components of the optical system, 

We know that the spectral absorption of radiant 
energy in general form, notwithstanding the distortion 
due to the heterogeneity of the leaf and the concomitant 
uneven scattering of radiant energy, obeys the formula: 


Ja = Io(1 —e-F), (1) 


and the distribution of absorbed energy between the sepa- 
rate components of the optical system is expressed by the 
formula 


la’ = Iye-(1—e~*) (2) 


Here Ia is the spectral absorption of energy by the leaf, 
To is the intensity of the incident radiation (taken as 1), 
e is the base of natural logarithms, E is the over-all opti- 
cal density of the leaf, Ia* is the spectral absorption of 
the given pigment, and E* is its optical density. 

The optical density of any pigment is equal to 


E’ = Ki-Cd, (3) 


where KA is the extinction coefficient for the given wave~- 
length, c is the pigment concentration, d the thickness of 
the leaf lamina, and the over-all optical density is the 
sum of the optical densities of all the components of the 
absorbing system, 

A corresponding analysis carried out for white leaves 
of Dracaena deremensis, where the absorption is due solely 
to colorless leaf tissues (cell walls, protoplasm, vacuoles 
etc.), yellow leaves of Codiaeum pictum and Senecio 
pitasites and red leaves of Acalypha tricolor and Iresine 
sp., devoid of chlorophyll, showed that the absorption in 
the region 300-350 my was almost completely (75%) 
due to the colorless structural elements of the leaf lamina 
(Fig. 2, 1); only 5-15% was due to the carotenoids; with 
increase of wavelength the share of the colorless tissues 
diminished, and the share of the carotenoids increased; 
at the threshold of visible radiation (400 my) the absorp- 
tion of colorless tissues amounted to about 20%, and that 
of the carotenoids to about 50% (Fig. 3, Ag). A further 
comparison of normal green leaves, leaves containing 
anthocyanins, yellow leaves, and leaves containing an- 
thocyanins but no chlorophyll, showed that the absorp- 
tion of radiant energy by chlorophyll was expressed by 
a curve similar to the absorption curve for carotenoids 
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Fig, 3. Absorption of radiant energy by chloro- 
phyll (Ay) and carotenoids (Ag); optical density 
of chlorophyll (Ey) and carotenoids (E,) in leaf, 

1) Mean for four species; 2) Senecio pitasites; 

3) Codiaeum pictum; 4) Iresine sp.; 5) Acalypha 
tricolor; 6) anthocyanins (mean for eight species). 








(P{g, 3, Ay); the difference were of a purely quantitative 
nature; in the region 300-500 my the chlorophyll ab- 
sorbed 5-10%, and at the threshold of visible radiation 
(400 mp), about 30%, 








By comparing white and green leaves of Dracaena 
deremensis or by summing the ordinates of the absorp- 
tion curves for chlorophyll and carotenoids we can ob- 
tain the curve for the absorption of radiant energy by 
the plastid pigments (Fig. 2, Pe), The plastid pigments 
absorbed about 20% in the region 300-350 my, and their 
absorption gradually increased with approach to the 
visible region (to 70% at 400 mp), 

Finally, a comparison of green leaves of Begonia 
Tex, B, peltata, B, imperialis, Cordyline terminalis, 





Senecio pitasites, Codiaeum pictum, Dracaena deremensis, 
Ficus parcelli and Hydrangea sp, with red leaves of Acaly~ 
pha tricolor, Iresine sp., Begonia rex, Cordyline termina~ 
lis and Codiaeum pictum left no doubt that the antho- 
cyanins absorbed only an insignificant fraction of the 
energy of ultraviolet radiation (5-7%, Fig. 3, 6) and 

that the theory of the protective, screening role of antho- 
cyanins against ultraviolet rays, a theory widely accepted 
in physiological literature, has no factual basis, parti- 
cularly since anthocyanins are usually found on the under- 
side of leaves, 

Special calculations showed that in natural sunlight 
the absorption of ultraviolet rays (300-400 my) by plant 
leaves had a mean value of 91.6%, the colorless tissues 
absorbing 45.0%, the carotenoids 31.0%, chlorophyll 
18.3% and the anthocyanins only 5.6%, 
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The carbohydrate content of a grape plant during 
ripening and dormancy has been the subject of much 
study, For example, information on the carbohydrate 
content of various parts of the plant, and on conversions 
undergone by carbohydrates, is presented in a study of 
Stoev [1]. Much information on carbohydrates and pro- 
teins of grape has been obtained by Sisakyan and co~ 
workers [2], The study of Winkler [3] is also of consider- 
able interest, Nevertheless, these problems concerned 
with levels of carbohydates and proteins in grape and 
reactions involving them cannot be considered to be fully 
clarified, The amino acid composition, in particular, 
has not been sufficiently investigated, 

Our purpose was to study carbohydates and amino 
acids in various organs of the grape plant throughout the 
growth period and during the dormant period, 

Experiments were performed with Gymza grape 
grown without grafting. Separte analyses were made of 
roots, shoots (cortex and xylem first analyzed separately, 
and after shoot maturity, together), leaf blades, leaf 
petioles, peduncles, and fruits, Samples were collected, 
beginning on July 15, throughout the entire growth period, 
during entrance into dormancy, and throughout the dor- 


mant period until resumption of growth the following 
year, 


Sap was extracted with a special press at a pressure 
of 30-40 atm and was concentrated 50-fold under a vac~- 
uum, Sugars and amino acids contained in the sap were 
analyzed by paper chromatography, The developing 
solution used for amino acids was a 4:1:1 mixture of 
normal butanol, acetic acid, and water; papers were 
sprayed with a 0.2% solution of ninhydrin in absolute 
acetone, Sugars were separated using a 5:1: 3:3 mix- 
ture of normal butanol, benzene, pyridine, and water, 
Papers were sprayed with aniline phthalate, Chromato- 
graphic paper used was Shlaikher and Shul, Nos, 2043 B 
and 2043 A, 


Figure 1 shows a chromatogram of carbohydrates 
from various organs which was obtained on August 14, 
1957, At this time all organs had the same carbohydrate 
composition — glucose, fructose, and sucrose, Only the 
fruits proved to be an exception, with only fructose and 
glucose being present, In October, however, sucrose ap- 
peared in them also, Glucose occurred in the largest 
amounts in all organs, 
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Fig, 1. Chromatogram of carbohydrates from sap of the grape 
plant, Sample collected August 14, 1957, 1) Leaf blade; 2) 
leaf petiole; 3) shoot cortex; 4) shoot xylem; 5) peduncle; 6) 
fruits; 7) root, I) Sucrose; II) glucose; IIT) fructose, 
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Fig, 2, Chromatogram of carbohydrates from sap of 
the grape plant, a) One~year-old shoot (sample col- 
lected November 14); b) I — one-year-old shoot; II— 
root; III — several-year-old shoot (samples taken 
December 18), 1) Unidentified compound; 2) raffi- 
nose; 3) maltose; 4) sucrose; 5) glucose; 6) fractose; 


7) glucuronic acid, 


In October there were found in the roots, in addi- 
tion to these three sugars, maltose, and also several un- 
identified carbohydrates of the oligosaccharide group, 
which after hydrolysis and repeated chromatography yielded 
fructose and glucose, 

After leaf fall (November), maltose was also found 
in the mature one-year-old shoots and in the older shoots, 
Glucuronic acid appeared in the one-year-old shoots at 
this time, In December it could also be detected in the 
older shoots (Fig. 2). Toward the beginning of February 
maltose disappeared from all the organs, while glucuronic 
acid was found in the shoots in February and even in April, 

Thus, as the grape plant matures, and during dor- 
mancy, considerable changes in carbohydrate composition 
take place, 

The appearance of maltose in the roots at the end 
of the growth period, and in the mature one-year-old 
shoots and several-year -old shoots at a later time, is of 
interest, This compound occurs in grape during dormancy 
and disappears at the beginning of growth the following 
year, 

The role of maltose in carbohydrate metabolism 
of plants has not yet been sufficiently clarified, Workers 
in this field agree only that maltose is absent from green 
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organs and that it does not participate in starch synthesis 
[9-13], In this connection, there are also our data on the 
absence of maltose from the upward translocation stream 
in grape [14], 

The views of various workers with respect to the 
role of maltose in starch hydrolysis diverge considerably, 
In our opinion, the assertion of L*vov [15] that starch hy~ 
drolysis leads to maltose accumulation only when the 
plant is less active, while it leads to sucrose formation 
in periods of vigorous activity, is of basic importance, In 
complete agreement with this, it has been shown previously 
by one of us that maltose is absent during growth, but that 
it occurs in considerable amounts after leaf fall, during 
the fall and winter, On the basis of these results we have 
proposed a special scheme for carbohydrate transformations 
in grape. 

In this investigation, using paper chromatography, 
the appearance of maltose after leaf fall, i.e., during 
starch hydrolysis, was confirmed, With respect to the de- 
tection of maltose in the roots at the time of intensive 
starch synthesis, further study is required. The possibility 
is not excluded that maltose accumulation in the roots 
is a result of transglucosidation of sucrose [16], As Kur- 
sanov and Pavlinov note [17], maltose and higher polymers 
















































































Fig, 3, Chromatogram of sugars in fruits and 
pedicels of Chaush grape. A) Samples col- 
lected August 14, B) Sept, 18, 1) Sap from 
pedicels; 2) sap from fruits; I — sucrose; II — 
glucose; III — fructose, 


of glucose with a 1:4 a~glucosidic linkage are easily con- 
verted into sucrose, From this it may be supposed that the 
reverse reaction is possible, 

The finding of Kasparova [18] that in clover, during 
the hardening period, and after the advent of continuous 
low temperatures, significant amounts of sugars of the 
maltose type appear is in complete agreement with our 
data, During the winter hardening period such sugars com- 
prise more than 2/3 of the total sugar content, with mal- 
tose predominating in both the leaves and the roots, The 
amount of maltose increased considerably in the roots 
during the fall and winter, and with the advent of spring 
decreased sharply. At about the beginning of the growth 
period, maltose had completely disappeared from the roots, 

The appearance of glucuronic acid in the aerial 
organs is, in all probability, related to glucose conversions, 
It may arise as a result of the direct oxidation of glucose 
[16, 19]. The appearance of glucuronic acid only during 
the fall and winter and at the beginning of growth, and 
only in the aerial organs of grape, requires further clari- 
fication, 

As noted earlier, sucrose had not been found in the 
fruits at the beginning of their development but appears 
considerably later, The subject of the occurrence of suc- 
rose in the fruits has been studied by a number of workers, 


Thus, only traces have been found in European varieties, 
In American varieties, however, significant amounts have 
been found [20-23], Sucrose also occurs in Michurin vari- 
eties [24] of Central Asia [25]. Sisakyan and Marutyan 
[26] have demonstrated sucrose in grape varieties belong- 
ing to various ecologico-geographical groups, Among the 
varieties which have been studied are those from Armenia, 
Georgia, Azerbaidzhan, Hungary, France, and America, 

In 1957 we investigated the sucrose content of fruits 
from 30 grape varieties of various origins, Determinations 
were made twice — at the beginning of the ripening period, 
and during the period of fruit maturity. In every case 
sucrose was also determined in the pedicels for comparison, 

The results showed that in the majority of varieties 
only fructose and glucose are present at the beginning of 
ripening. Here we present a chromatogram of sugars of 
one variety, Chaush (Fig, 3), Identical chromatograms 
were obtained for varieties Gymza, Kokorko, Pamid, Zar- 
chin, Shiroka melnishka loza, Keratsuda, Varnenskii mav- 
rud, Furmint, Yuni Blan, Italian Riesling, Bulgarian, Hybrid 
VI-4, Vraganskii Muscat, Shasla Dore, Noa, and Othello, 
In some varieties, however, such as Pearl Dio Ksab and 
Aligote, sucrose was found at the beginning of the fruit 
ripening period as well. 

Sucrose was invariably present in the pedicels of 
all varieties, In this connection the question arises as 
to why, when it is constantly present in the pedicels, it 
is not found in the fruits themselves at early stages of 
their development, Several hypotheses may be advanced 
on this matter, First, sucrose may not be transported into 
fruits, Second, it may rapidly undergo conversions in 
them, Third, it may occur in such low concentrations 
as not to be detectable by chromatography, These prob- 
lems should be further investigated, 


When the fruits are physiologically mature, sucrose 
is found in them in all the varieties examined, which 
represent various ecological groups: Black Sea, western 
European and central Asiatic, and also the group of cul- 
tivated varieties, This permits the assumption that the 
presence of sucrose in the mature fruits is characteristic 
of the grape plant, and depends neither on varietal pecu- 
liarities nor on varietal origin, We believe that the 
appearance of sucrose in the fruits is geared to an over- 
all increase in sugar content, This supposition is con- 
firmed by data on fruit sugar content obtained with the 
refractrometric method (table), 

Examination of the tabular data shows that in the 
majority of varieties in which sugar is not found at the 
beginning of the ripening period the total sugar content 
does not exceed 10%, Moreover, in varieties Aligote 
and Pearl Dio Ksab, in which sucrose is found in fruits 
at early stages of maturation, the total sugar content is 
above 13%, The same pattern is found in the study of 
Sisakyan and Marutyan [26] mentioned previously, Ac- 
cording to their data, sucrose was found in fruits of variety 
Voskeat only after total sugar content had reached 7.2%, 
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TABLE Sugar Content of Grapes 
Variety Beginning of Physiological 
ripening maturity 
date of de~| sugar, | date of de~| sugar, 
termina- % termina- % 
tion tion 
Furmint 14, VII 11.5 1.X 19.0 
Varnenskii 
mavrud 21. VIII 1.5 1.X 19.0 
Keratsuda 14, VOI 10.7 19, 1X 11.2 
Shiroka 
melnishka 
loza 17, VOI 4,5 23.1X 19.0 
Zarchin 14, VOI 7.0 23,1X 15.5 
Pamid 14, VII 6.5 23.1X 18.5 
Kokorko 17, VOI 4.0 30.1X 17.0 
Gymza 13, VOI 6.5 1,.X 18,0 
Yuni blan 14, VOI 4.5 30.1X 20.0 
Italian 
Riesling 21, VOI 14,3 30.1IX 16.0 
Vrachanskii 
muscat 13, VOI 6.0 1.X 17.0 
Bulgarian 14, VOI 10,0 23.1X 20.0 
Hybrid VI-4 13, VOI 8.0 30.1X 16,0 
Shasla dore 13, VOI 10.5 23,1X 20,1 
Othello 21. VOI 6.5 28.X 17.0 
Noa 21, VOI 4,5 20.X 16.0 
Aligote 17, VUl 14,1 1.X 20.0 
Pearl 
Dio Ksab 13, VII 13.0 23,1X 22.0 














In variety northern Arakseni, sucrose was absent when 
total sugar content was 10.5% and appeared at a concen- 
tration of 15.8%, In variety Muscat it was absent at a 
total sugar content of 13.8%, but appeared at 23,0%, 


These data [26], therefore, as well as the data pre- 
sented here, confirm the view that sucrose appears in the 
fruits after a certain total sugar content level is reached, 
This level depends on varietal characteristics and {is at~- 
tained about the beginning of the ripening period. 


Results of a chromatographic analysis of amino 
acids in various organs are presented in Figs, 4 and 5, 
Amino acids were analyzed at four times: July 15, Aug. 
18, Oct, 11, and Nov, 14, Sap from the leaves, leaf 
petioles, shoot cortex and xylem, peduncles, fruits, and 
roots was analyzed, 


As the chromatograms show, the richest comple- 
ment of amino acids is found in the leaf petioles, shoots, 
peduncles and roots, Fewer amino acids are found in the 
leaves, fruits and pedicels, 


The number of amino acids in all organs was in- 
creasing about the end of the growth period, The largest 
number was found in October and November. 
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Fig. 4. Chromatogram of free amino acids of 
grape sap. I—Leaf; Il— leaf petiole; II and IV- 
peduncles; V — fruits; VI— cortex; VII— xylem; 
VII — markers: 1)Cystine; 2) lysine; 3) aspara- 
gine; 4) aspartic acid; 5) glutamic acid; 6) 
alanine; 7) proline; 8) tyrosine; 9) valine; 10) 
isoleucine; 11) histidine; 12) threonine; 13) 
norvaline, 


wo 0 W ae z 
oe we «Mie SS 5 te 
13 {y 4 

0 0 O J 6 Os 
é 8 8 a 8 8 8 
7 Qe i7() Ge O - 
O 6707079708; Sa 

60 od 


Ort eet 

9 OOOO" 9» 
wu 4 7.) oO? OZ 7, O2 
| § Care Or C7 


W V Vi Wi Vil x 


Fig, 5. Chromatogram of free amino acids of 
grape sap. I—Leaf petiole; II— leaf blade; II— 
mature shoot; IV — fruits; V — peduncles; VI—- 
roots; VII-IX — markers, 1)Cystine; 2) lysine; 
3) asparagine; 4) aspartic acid; 5-13; as in 

Fig. 4; 14) arginine; 15) a-aminobutyric acid; 
16) serine, 











Examination of the chromatograms shows that a 
number of amino acids occur in all parts of the plant: 
These are histidine, aspartic acid, glutamic acid, iso- 
leucine, norvaline, and tyrosine, Alanine is found every- 
where except in the pedicels and the fruits themselves, 
Threonine and a-aminobutyric acid occur everywhere 
except in the fruits, Glycine, cystine, arginine, aspara- 
gine, methionine, and certain unidentified materials 
occurred less frequently, 

No specificity in amino acid composition of the 
various organs was found, No consistent pattems of amino 
acid composition with time were observed, 

There are a number of studies of the amino acid 
composition of various organs of different woody species 
(27, 28]. 


CONCLUSIONS 


The sugar and free amino acid content in various 
organs of the grape vine was studied during vegetation 
and during the rest period, Fructose, glucose and sucrose 
were detected in all organs of the grape vine, Glucose 
was the most abundant of the sugars. 

Maltose appeared in the roots and aerial parts of 
the grape plant during the fall and winter periods, Evi- 
dently this sugar is physiologically significant only during 
the rest period as it is absent during active vegetation, 
Glucuronic acid was detected in the aerial parts of the 
grape vine during the fall and winter time and at the 
beginning of vegetation. 

Sucrose was found in the grapes of a large number 
of plants belonging to various ecologico-geographical 
groups, This was consistently the case, and did not de- 
pend on varietal peculiarities or varietal origin, Sucrose 
began to appear in the fruits at the inception of the ripen= 
ing period, when a definite total sugar content had been 
reached, This level was different for each variety. 

The amino acid composition was found to be differ- 
ent in various organs and to vary during the growth period, 
The largest amounts of amino acids were found in the leaf 
petioles, in the cortex and wood of the shoot, in the ped- 
uncles and in the roots, The smallest amount of amino 
acids was found in the leaves, fruits and pedicles, 

The number of amino acids in all organs increased 
towards the end of the growth period and was maximal 
in October— November, No specific amino acid com- 
position was found for individual organs, nor was there 
any specificity with respect to time. 

The compounds most uniformly detected in all 
organs were histidine, aspartic and glutamic acids, iso- 
leucine, norvaline, alanine and tyrosine, 
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There are numerous indications that the conditions 
under which plants grow have a definite effect on accu- 
mulation of reserve materials in the seeds, This is espec- 
{ally striking with respect to protein'and fat synthesis in 
the seeds of legumes and oil-bearing plants, In soybean 
seeds, for example, the protein content may vary from 
27 to 49%, and the fat content from 16 to 26% depend- 
ing on soil and climatic conditions, A decrease in pro- 
tein content {is associated with an increase in fat content, 
and vice versa [1]. An increase in nitrogen supply results 
in an increase of seed yield in sunflower, castor bean 
plant, and flax, but seed ofl content is reduced [2-6], A 
nitrogen deficiency, on the other hand, results in an in- 
crease in seed oil content, Kashparov's results [7] show, 
for example, that with decreasing doses of nitrogen the 
ofl content of sunflower seeds may be increased from 48 
to 57%; according to the data of Raspopov [4], in the 
castor bean plant this increase may be from 59,7 to 64.7%. 
In order to obtain sunflower seeds of high oil content, it 
is necessary to provide a changing nitrogen regime during 
the growth period [7]. The subject of the influence of en- 
vironment on oil accumulation has been discussed in more 
detail by Ermakov and Prokof‘ev [8, 9, 10]. 


Oil-bearing seeds also accumulate quite large a- 
mounts of protein, which may vary considerably in a 
given species, Sunflower seeds, for example, may con- 
tain from 21 to 30% protein, and poppy seeds, from 14 to 
24% [10]. Usually protein accumulation precedes oil 
formation, The formation of aleurone grains in oil poppy 
seeds may be observed at a time when fat is still absent. 
Seeds of oil-bearing plants may be compared with certain 
lower fat-forming organisms in respect to patterns of pro- 
tein and fat accumulation, In these, development is 
arbitrarily divided into two stages, the “protein” stage, 
during which protein is accumulated, and the "fat" stage, 
during which fat is mainly accumulated [11], The causes 
of the intensified fat synthesis which occurs with a re- 
duced nitrogen supply have been little studied. Inasmuch 
as fat synthesis is associated with a high carbohydrate con- 
tent [12], it is assumed that under conditions favorable to 
fat synthesis there is a small expenditure of carbohydrates 
in amino acid formation [14], In accordance with view 
of Tauson [15], an abundant accumulation of fat is a 
result of disturbance of the normal course of synthesis of 
nitrogenous materials, mainly proteins, 
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These hypotheses have, however, been advanced in 
connection with studies of fat formation in lower organ- 
isms, In regard to higher plants, the interrelation of 
syntheses of non=protein and protein materials in seeds, 
specifically, of fat and protein synthesis, is not clear, 
Therefore, for an understanding of patterns of accumula- 
tion of reserves, and particularly of the mechanism of fat 
synthesis in higher plants, a study of the composition of 
amino acids entering the seed, and of conversions under- 
gone by them, is in our view a necessary step, Of greatest 
interest are amino acid composition and dynamics in the 
placenta, since it is here that the substances flowing into 
the seed from other plant parts are concentrated, and that 
many of them undergo conversion, 


EXPERIMENTAL 
1. Materials and Methods 





Oil poppy fruits were chosen as experimental ma- 
terial, since they have been most studied by us in many 
other connections [15-19], Fruits of different ages— 3, 
6, 9, 15, and 23 days— were analyzed, The characteris- 
tics of seeds in these fruits are as follows: 3-day-old fruits 
— very young, undeveloped seeds lacking fat; 6-day-old 
fruits— fat beginning to appear (5.8%); 9-15-day-old 
fruits — rapid fat accumulation; 23-day-old fruits — seeds 
ripening, with 49% fat. 

We have previously described the individual fruit 
tissues as to anatomical structure and metabolism [15, 
16], It was shown, for example, that the fruit wall has 
quite a large surface area and that it photosynthesizes 
vigorously, which exerts a marked influence on the de- 
velopment of the frnft-as a whole [19]. It is impossible 
to overlook, also, the capacity of the placenta to accu- 
mulate certain acids, of which the most abundant are 
acetic and a~-ketoglutaric acid[17, 19]. This led to 
the expectation that perhaps there is a certain specificity 
of individual fruit tissues with respect to amino acid 
composition. Therefore seeds, placenta, and fruit wall 
were analyzed separately. At the same time a parallel 
analysis of the second and third leaves from the top of 
the same plants was made. 

Immediately after collection, the fruits were divided 
as described above, and the various tissues were then 


*Fruit age was determined from time of flowering, as 
previously [17]. 





at 


test 


lat 


It 


rided 


fixed, Fixation was aconmpplished in two ways, One por- 
tion was fixed in the Koch apparatus for half an hour, 

and a second portion was fixed according to Boyarkin'’s 
method [20]: seeds, ground-up placental tissues, fruit walls 
and leaves (gram wet weight portions) were placed in 
small flasks to which 10 ml of boiling 96% alcohol was 
added; the flasks were heated for 5-10 minutes on a water 
bath, The material wads left in the flasks and stored in 
the refrigerator, It was later used for chromatography, 

Amino nitrogen was determined by the copper 
method [21]. Prior to analysis all material was defatted, 
Two-hundred-mg air dry samples were used for analysis. 

Free amino acids were identified by partition pape. 
chromatography according to Boyarkin [20, 22], Protein 
nitrogen w1s determined according to Barnstein and 
Stutzer; the material was degraded by the microkjel- 
dahl method, 

For hydrolysis of protein, a thoroughly washed and 
dried residue after extraction with 80% alcohol was 
placed in a round-bottom flask with 6 N HCl and gently 
boiled for 24 hours, At the end of this time the HCl ex- 
cess was removed by a four-fold evaporation from water, 
The dry residue obtained after evaporation was dissolved 
in water and spotted on chromatograms, The rate of 
assimilate flow from the fruit wall into the placenta and 
the seeds was determined with Co, as previously des- 
cribed [16]. 

Oil in the seeds was determined by a refracto- 
metric method according to Ermakov [23]. 


2. Amino Acid Content of Fruits and 








Leaves 


Results presented in Table 1 show that there is a 
very vigorous flow of amino acids into still very young 
and immature seeds ( three-day-old seeds), Subse- 
quently the amino acid content of the seeds falls rapidly, 
indicating an intensive utilization in protein synthesis 
up until the 23rd day, The increase in amino acids after 
23 days is evidently a result of a decreased rate of for- 
mation of protein and other nitrogen-containing com- 
pounds, 


TABLE 1 Amino Acid Content of Poppy Fruits and 
Leaves (in mg per g air dry defatted material) 











Fruit age (days) 
Organs and tissu 
8 e 3 9 | 15 23 
Leaves 0.210 | 0,161 | 0,098 | 0,147 
Fruit wall 0,210 | 0,070 | 0,154 | 0,161 
Placenta 0.420 | 0.308 | 0.350 | 0,686 
Seeds 0.819 | 0.301 | 0,084 | 0,105 














The placenta contains more amino acids than the 
fruit wall or the leaves, Its amino acid content varies 
little with time, On about the 23rd day, however, when 
utilization by the seeds begins to slow down, there is a 
sharp rise of amino acids in the placenta, At the same 
time there is a small increase in the fruit wall and the 
leaves also, Thus, the leaves and the fruit wall are the 
sources of amino acids for the fruits up until the fruits 
are 15-20 days old, 


In order to determine at what stage in the fruit's 
development the assimilate flow, from the fruit wall 
for example, begins to slow down, we used C™, which 
was applied directly to fruits at various ages by a method 
described earlier [16]. Typical results are presented in 
Table 2, 

Table 2 shows that radioactivity of the wall tissues 
of a 16-day-old fruit is almost three times lower than 
that of a 7-day-old fruit, This is related to the decline 
in photosynthetic activity which is beginning in the 16- 
day-old fruit, Even at this time, however, assimilate 
flow into the placenta and seeds continues with unabated 
vigor. 


3. Variation of Proteins in Fruits and 
Leaves of Various Ages 

The results of analyses which are presented in 
Table 3 show that the seeds contain the largest amount 
of protein, There is significantly more protein in the 
leaf than in the fruit wall and placenta, With the ex- 








TABLE 2 Rate of Flow of C“ from the Fruit Wall into the Placenta and the 
Seeds in Fruits of Different Ages. Activity in the Chamber, 50 wC; Exposure 
Time — Cy,0,, 15 min,; after Removal of C,,O,, 15 min 





Radioactive material in 








Fruit age 
(days) Counts/min/gm air dry material % of their total content 
in the wall 
wall placenta seeds in the in the 
placenta seeds 
1 229400 30700 8080 13.4 3.6 
16 82600 15000 6060 18,1 1,3 
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TABLE 3. =~ Protein Content of Fruits and Leaves of 
Various Age (in % of air dry material) 





Fruit age (days) 

















Organs and tissues} R | 46 ” 

Leaves 15,18 - 14,68 9,62 

Fruit wall 11.18; - 6.50 - 

Placenta 9.25]; — 71,87 5.31 

Seeds 18,1 | 20.6) 21.2 | 28,1 
t | 


ception of the seeds, protein content falls with age. This 
is most pronounced in the fruit wall and slowest in the 
leaves, The decrease in protein with age testifies to a 
partial degradation and to a flow of the products of this 
degradation into the developing seeds, From a compari- 
son of Tables 1 and 3 the conclusion emerges that amino 
acid accumulation in the placenta is the result of at 
least three processes: protein hydrolysis in the placenta, 
a continuous flow of amino acids from the leaves and 
the fruit wall, and a retardation of flow from the placenta 
into the seeds, 

Determinations of seed fat content were made in 
parallel with protein determinations, The course of pro- 
tein and fat accumulation by seeds is shown by the curves 
of Fig. 1. They indicate that the periods of most inten- 
sive accumulation of protein and of fat do not coincide, 
Fat synthesis begins only after the seeds have accumu~ 
lated a significant amount of protein (up to 18%), Later, 
the relative rate of protein synthesis declines, and only 
after 15 days are the curves for fat and protein about 
parallel, 
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Fig, 1. Course of protein 
and fat accumulation in 
poppy seeds, 1) Protein; 2) 
fat, 








4. Content of Free Amino Acids and Pro- 





tein Amino Acids in Poppy Fruits and 





Leaves 


In addition to determining amino and protein nitro- 
gen contents of poppy fruits as they mature, it was thought 
necessary to determine also whether the amino acid com- 
pos ition of various fruit tissues and of leaves is the same, 
and whether it changes with age, 

In determining free amino acid composition, the 
method of Boyarkin [20], which provides good separa~- 
tion without the use of fon exchange columns, was used, 
Extracts of all samples were prepared in the same volume, 
and the same volume was spotted on the chromatograms, 
It should be pointed out, however, the 1 g portions of 
material were fixed without taking into account moisture 
content (see above), 

'nsofar as we have taken this into account, amino 
acid concentrations, which are arbitrarily expressed by 
crosses on the basis of spot intensity (see below), given 
a substantially correct, though approximate, picture of 
the variations of individual amino acids in the tissues 
studied, In the chromatography, “fast” paper from the 
Gosznak Leningrad plant which had been washed with 
citrate buffer at pH 6.0 was used, Solutions used were: 
butanol— acetic acid—water (40: 10: 50), and for sepa- 
ration of arginine, glutamine, and aspartic acid, butanol— 
formic acid—water (90: 10:45), Chromatograms were 
sprayed with isatine [22]. For identification of aspara- 
gine, chromatograms were cut into two parts, The second 
half was sprayed with ninhydrin, Only asparagine gives 
a yellow color withninhydrin, For identification of 
lysine, the chromatogram which had been sprayed with 
isatine was cut in half, One half was "fixed" with sod- 
ium sulfite; the other half with sodium silicate [20, 22]. 
After treatment with sodium sulfite, lysine becomes 
green, After treatment with sodium silicate, proline 
disappears, Therefore, the proline disappears, There- 
fore, the proline was first outlined with pencil. 


Free Amino Acids 

Photographs of chromatograms of free amino acids 
are presented in Figs, 2 and 3, To facilitate discussion, 
amino acid concentrations in the various tissues, arbi- 
trarily designated by crosses, are given in Table 4, 

As Table 4 shows, poppy seeds contain 14 free amino 
acids, Of these, the following are especially prominent: 
glutamic acid, &-alanine, aspartic acid, and proline, 

In young seeds there is quite a lot of asparagine and 
arginine, With the exception of tryptophane, the content 
of which increases as the seeds ripen, all the other amino 
acids decrease in amount to a greater or less extent, 
Nevertheless, in 23-day-old seeds there is still much 
glutamic acid, & -alanine, and proline, 

A comparison of amino acid contents of leaves 
and seeds shows that the leaves are poorer in those acids 
which are abundant in the seeds, with the exception of 
















Fig. 2, Amino acid composition of 3-day~-old fruits and of leaves, A) solution: butanol— 
acetic acid—water; B) solution: butanol formic acid—water; L) leaf; W) fruit wall; P) 
placenta; S) seeds; 1) histidine; 2) asparagine; 3) arginine; 4) aspartic acid; 5) serine; 6) 
glutamic acid; 7) threonine; 8) a-alanine; 9) 8-alanine; 10) y -aminobutyric acid, 
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Fig. 3. Composition of fast-moving amino acids in 3-day-old (A) and 23-day-old-(B) fruits 
5 and leaves, L) leaf; W) fruit wall; P) placenta; S) seeds; 1) y -aminobutyric acid; 2) trypto- 
phane; 3) valine; 4) phenylalanine; 5) leucine. 
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a ~-alanine, which is also abundant in the leaves, The 
leaves differ from the seeds, moreover, in that they con- 
tain histidine (young leaves), and, in considerably greate 
amounts, y -aminobutyric acid, In addition, valine, 
phenylalanine, and leucine do not disappear, but on the 
contrary accumulate as the leaf ages. Tryptophane is 
found only in seeds (Fig. 3, A and B), 

The amino acid compositions of the fruit wall and 
the placenta are very similar, With respect to aspara- 
gine, aspartic acid, and arginine, they resemble the seeds; 
with respect to serine, glutamic acid, threonine, proline, 
and y -aminobutyric acid, they resemble the leaves, But 
these’ tissues are distinctive in themselves in that they 
contain little «-alanine and, on the other hand, much 
B~-alanine; neither tryptophane nor histidine is present. 

In conclusion we think it should be pointed out 
that we found serine, but not glycine, on the chromato- 
grams, This is in agreement with our unpublished data 
on organic acids: We found no glycolic acid in poppy 
fruits, Nevertheless, we do not believe that the pres- 
ence of some glycine, masked by serine, can be ruled 
out, 


Protein Amino Acids 

The amino acid composition of proteins was studied 
in fruits of a single age, Inasmuch as seeds of three-day- 
old fruits are able to synthesize almost 65% of the total 
protein at seed maturity, we studied fruits of this age. 
In all the tissues examined, the amino acid composition 
of the proteins was the same, Fourteen (possibly 15) 
amino acids were found; lysine, histidine, arginine, as- 
partic acid, serine (with glycine), glutamic acid, threo- 
nine, &-alanine, proline, tyrosine, valine, phenylalanine, 
and leucine, The absence of tryptophane may be mis- 
leading in view of the possibility of destruction during 
hydrolysis with 6 N HCl, The similarity in amino acid 
composition of proteins from a single plant has been noted 
[27, 28]. 

It should be pointed out here that the amount of 
certain amino acids varies from tissue to tissue (Table 5), 








For example, there is more lysine, arginine, threonine, 
tyrosine, valine, and phenylalanine in the leaf protein 
than in the fruit protein, In the seed protein there is very 
much asparatic acid, and in the placenta protein, very 
much serine, 


Certain of the results described are, in our view, of 
the greatest interest, As previously emphasized, amino 
acid composition of the fruit walls differs from that of 
the leaves and seeds and is practically identical with 
that of the placenta, 

Amino acid data are analogous to those for the 
volatile acids; With respect to the character of formation 
and accumulation of acetic acid, the placenta differs 
sharply from the leaf and the seeds, Here also the fruit 
wall resembles not the leaf but the placenta [17], 


The second point of significance to be emphasized 
is that of the presence of y -aminobutyric acid and B- 
alanine in the free state, These acids are, once again, 
especially characteristic of the fruit wall and the placenta, 
They have also been found either as free acids or in the 
amide fraction by other workers [30, 31, 32, 33], As is 
well known, they are formed by amino acid decarboxy- 
lation: y -aminobutyric acid from glutamic acid, and 
B-alanine from aspartic acid (31, 32, 33, 35}, 


On the basis of existing data, which were obtained 
without the use of labeled carbon, we cannot say whether 
glutamic and aspartic acids are most rapidly decarboxy- 
lated in the fruit or in the leaves, Nevertheless, it may be 
supposed that decarboxylation is mainly in the placenta 
on the basis of earlier studies which have shown that there 
is vigorous formation of carbon dioxide in the poppy pla- 
centa [15, 16]. 


All of our data point to the conclusion that the 
placenta is an extremely active tissue which is the specific 
site of many metabolic activities in the fruit, The ex~- 
tensive utilization of carbohydrates leads to the accumu- 
lation of compounds which play a special role in protein 
and fat synthesis occurring in poppy seeds, Among these 


TABLE 5 Approximate Amounts of Certain Amino Acids in the Free and Bound States 











Organs | Amino acids Free In proteins 
ant Valine, phenylalanine Little Much 
leucine 
Arginine, threonine Little Much 
Young leaf Histidine Little In the leaf and fruits 
Seeds Valine, phenylalanine, Little Much 
leucine 
Phesiisee Serine Little Much 
Tyrosine, lysine None In the leaf and fruits 
y -Aminobutyric acid | Much, little only None 
Fruits and leaves in the seeds 
6-Alanine Much, little only None 
in the leaves 























compounds are acetic acid, a-ketoglutaric acid,t y - 
aminobutyric acid, and 6-alanine.t Thus, the placenta 
participates directly in the formation of fat and protein 
precursors, In connection with the latter, the role of 

y -aminobutyric acid is of interest, It has been shown that 
this acid plays a role in the nitrogen metabolism of the 
fat-synthesizing fungus, Endomycopsis vernalis, being a 
reservoir for the formation of glutamic acid [36], 

As Table 4 shows, there is much y -aminobutyric 
acid and little glutamic acid in the leaf and fruit. The 
seeds, on the other hand, contain little y -aminobutyric 
acid and much glutamic acid, y -Aminobutyric acid may 
thus play a role in seed nitrogen metabolism similar to 
that postulated by Kating for the fungus [36]. 





CONCLUSIONS 


1. The various tissues of poppy fruits contain differ- 
ent amounts of amino nitrogen. In young fruits (three- 
days-old), the seeds are richest in amino nitrogen, and 
then the placenta, Less amino nitrogen is found in the 
photosynthesizing tissues — the fruit wall and the leaves, 
As the fruits, and also the leaves, develop, there is a 
decrease in the amount of amino nitrogen which is espec- 
{ally pronounced in the seeds, This is due to utilization 
in synthesis of proteins and other nitrogen~containing 
compounds, 

In ripening fruits (23-days-old) with seeds already 
becoming brown and in leaves of comparable age, the 
amount of amino nitrogen begins to increase, The pla- 
centa is especially distinctive in that the increase is pro- 
nounced, 

2. At a very early stage (fruits 3-days~-old), the 
seeds contain up to18% of protein, During their develop- 
ment they accumulate up to 28%, The relative rate of 
protein accumulation in seeds falls during the period of 
intensive fat synthesis, 

In leaves the protein content remains unaltered for 
a long time, and in fruits it gradually declines, At the 
beginning of the seed ripening period (between 15 and 25 
days), the protein content of the leaves and the placenta 
begins to fall sharply; this occurs in association with an 
increase in free amino acid content. Amino acid accu- 
mulation in the placenta should be regarded as a result 
of three processes: protein hydrolysis, flow of amino acids 
from the photosynthesizing tissues, and retardation of 
their flow into the seeds, 

In poppy, proteins of the fruits and the leaves are 
the same with respect to amino acid composition, They 
different somewhat only with respect to the amounts of 
certain component acids, 

3, Various fruit tissues and leaves are specific with 
respect to the kinds and amounts of free amino acids 
occurring in them, The photosynthesizing tissues — leaves 
and fruit wall— differ from each other, At the same time, 
the fruit wall is identical with the placenta, and both of 
them differ from the seeds. Amino acids which are not 
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protein components and which play a specific metabolic 
role are found in the fruits and leaves, For example, 
there is much y -aminobutyric acid and little glutamic 
acid in the leaves, fruit wall, and placenta, In the seeds, 
on the other hand, there is little y -aminobutyric acid 
and much glutamic acid, It is postulated that y -amino- 
butyric acid plays a special role in the nitrogen meta- 
bolism of poppy seeds, 

The fruit wall and the placenta are distinguished 
by a high content of 8~-alanine and a low content of 
a~-alanine, Leaves, on the other hand, as well as seeds, 
contain @~-alanine chiefly. It is postulated that B-ala- 
nine participates in fat synthesis, 

4, The placenta is an extremely active tissue and 
plays a specific role in the metabolism of poppy fruits, 

It participates directly in the formation of fat and protein 
precursors, 
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In the past decades such scientists as J, B, Bous- 
singault (1802-1887),I, Kuhn (1825-1910), K, A, Timirya- 
zev (1843-1920), and N, A. Maksimov (1880-1952) suc- 
ceeded in relating physiological investigations to agricul- 
ture. Kuhn, the founder of the agricultural institute et the 
Martan Luther University (Halle-Wittenberg), had already 
defined agriculture as the “physiology and biology of cul- 
tivated organisms.* K, A, Timiryazev, who proudly 
called himself a student of J, B, Boussingault, the founder 
of modern agricultural science in France, frequently spoke 
about the need to “ask” the opinion of the plants them- 
selves, K, A, Timiryazev saw the basis of efficient farm- 
ing in plant physiology. The thesis introduced by Timi- 
ryazev permeates N, A. Maksimov’s textbook, in which 
this author indicates that “the greater part of agricultural 
engineering methods is none other than the creation of 
the most favorable conditions for the existence of plants, 
under which they can produce the highest possible yields 
[1]." And in another place N, A. Maksimov writes, "Be- 
cause the control of the vital processes of plants and their 
use for the needs of man is the fundamental task of horti- 
culture, the physiology of plants is the most important 
basis of agricultural sciences, Any progress in physiology, 
therefore, will lead very quickly to new successes in the 
field of horticulture." 

While searching for a more decisive orientation of 
agriculture on physiological bases, we succeeded in find- 
ing a simple means which would enable us to “question® 
the plant itself. We now force it to answer us, and this 
leads in many cases to an increase in yield and to an 
improvement in the quality of the final products, 

As I have already indicated in other publications, 
there are bases for considering that the considerable quant- 
ities of water which are absorbed by the plants from the 
soil and evaporated into the atmosphere are by no means 
“naturally necessary" in such volumes, It was proved that 
plants react very differently to cultivation methods and 
especially to fertilizers according to the amount of so- 
called relative transpiration, By relative transpiration we 
mean the quantity of water which is given off in the form 
of vapor per unit of green mass of a plant. 

From our numerous observations [2-7] it follows 
that the amount of relative transpiration,measured under 
specific conditions, shows how favorable these conditions 
are for growth and development of plants, A high trans- 
piration is observed in those cases where the agricultural 
measures did not correspond to the requirements of the 
plant, or in the case of plant disease (only if the means 
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used did not become injured by the same disease), Thus, 
relative transpiration is high when the soil is too mellow 
or too compressed, when one of the mineral nutrients is 
inadequate, or when introducing one of the mineral nutri- 
ents in a greater quantity relative to the others, An in- 
creased relative transpiration is observed also when the 
seeds are embedded at too deep or too shallow a level, 
In many cases it was possible to discover an increase in 
relative transpiration by 100% or more in comparison 
with the optimum rate, It follows from this that culti- 
vated plants should have the lowest possible relative 
transpiration, 


The fear that low transpiration can cause a de- 
crease in yield, at least for conditions in Middle Germany, 
is unfounded both in dry years and in excessively wet 
years, Our experiments, on the contrary, showed that 
plants with a decreased relative transpiration reacted well 
to natural conditions and attained a state which can be 
called an “ecologically constitutional optimum," 

In conclusion, it is necessary to admit as intolerable 
that under our conditions the crops, due to wrong agricul- 
tural engineering methods, frequently had a comparatively 
high loss of water and thus a low yield, 

It follows from all this that before cultivating plants 
on any field it is necessary to determine what conditions 
can further a decrease in their relative transpiration, 

A laboratory method was developed for this purpose 
which enabled us to learn the “opinion of the plant itself” 
by an experimental means, Here we first tured our at- 
tention to the study of the effect of fertilizer and to the 
properties of the strains, 

















Fig. 1. Porcelain planter with winter rape, 
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We would like to emphasize especially that the 
measurement of transpiration for any plant or portion of 
a plant which was taken from a cultivated field cannot 
always serve as a basis for conclusions, These observa~ 
tions have only a limited value; they characterize only 
the conditions existing at a given moment, The plants 
should be prepared for investigation since only then can 
they report what we wish to know, 

Exact, specified conditions must be adhered to when 
cultivating the plants, In our experiments we used por- 
celain vessels for the most part (Fig. 1), in which a specific 
quantity of soil from the field being studied was placed, 

If there was a question as to the selection of the most suit- 
able strain, then a series of strains was cultivated in the 
vessels, from which a selection was then made, When 
investigating the problems concerning fertilizers, the ex- 
periments were conducted so that they took into considera- 
tion the effect of an increasing amount of fertilizer, Wett~- 
ing of the soil under our conditions equalled up to 60% of 
the soil*s water capacity. However, the moisture can be 
different depending on the climatic conditions, 

Determination of transpiration can be made for 
cereals as soon as they reach the four-bract phase and 
for beets, in the six-bract phase. Before determining 
transpiration, as already mentioned, the plants were pre- 
pared, or more precisely, they were adjusted to specific 
conditions so that their protoplasm was brought to a com- 
parable state, We used the following method when grow- 
ing plants under conditions of equal length of day and 
night, In the moming, about three hours before deter- 
mining, the vessels with the plants were placed in a room, 
the so-called transpiration room (Fig. 2),which had a 
window facing the north, The air in this room had to be 
heated to 27-30° C, Heating was done by several small 
electric plates or by other devices equipped with heat 


Fig, 2, Room in which transpiration is determined, 








regulators, Illumination of the room by natural light 
through the north window was inadequate on cloudy days, 
In this case we usually resorted to supplementary lighting 
for a hour before starting measurements and during the 
measuring, 


At the end of the previously mentioned three-hour 
period, the plants were in the desired state. Then it was 
possible to start the determination, It is necessary to 
emphasize again that for us, under conditions found in 
Middle Germany, this method is justified. It would be 
interesting, however, to learn whether the described 
method is suitable in other countries, or if other condi- 
tions must be selected there, 


Determination ‘of transpiration in our institute was 
conducted by a method which we developed in Leipzig. 
We called it the method of wilting. It is simple in prin- 
ciple and easily available, It can be used both under 
field conditions and also in micro-experiments, In each 
case we would make the measurements in the transpira- 
tion room, The plants were taken out of the rather moist 
soil and their roots removed (Fig, 3), Then that part of 
the stem which was under the ground was isolated, This 
was done so that it would not participate further in the 
evaporation of water, The base of the stem was usually 
isolated by melted paraffin to which was added a fat- 
soluble dye, sudan red, Thus, the determination of trans- 
piration was conducted on the cut plants with an isolated 
lower section, and the transpiration occurred under condi- 
tions which excluded the influx of new water, The loss of 
water is accounted for by the change of weight of the 
shoots during a specific interval of time, Determination 
by this method of the relative transpiration every 1-3 
minutes, or continuously by a transpiration graph, yielded 
a graphic picture of evaporation, 











Fig. 3, Winter rape with roots cut off, pre~- 
pared for determination of transpiration, 


The water loss from 100 grams of fresh tissue per 
30 minutes, during the course of which wilting generally 
occurred, was the unit of measurement for water-retaining 
ability. We called it wilting losses (Anwelkverlust) since 
slight wilting of the plants was frequently observed during 
the indicated time under the experimental conditions, 
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It is necessary to note in particular that measure- 
ment of the wilting losses for all plants belonging to one 


‘series occurred, as far as possible, simultaneously and in 


a similar environment, It was also important that the 
plants were quickly removed from the ground, It is neces- 
sary to avoid disturbing the plants both during cultivation 
and measuring. 

The entire experiment indicated to us the need to 
take into consideration the effect of the environment 
which preceded the study, Thus, for example, determina- 
tions can be made after periods of either good or incle- 
ment weather, or on plants which have been subjected 
to the effect of various photoperiods, Analyses conducted 
at arbitrarily selected times without consideration of pre- 
ceding conditions are of little value from the point of 
view of the physiologist, 

The value of wilting losses was the basis for evaluat- 
ing the various measures, The best measures are con~- 
sidered those which lead to a decrease in wilting losses 
(Fig. 4). Such plants, under the experimental environ- 
ment,possess special qualities which can be characterized 
best of all as the capacity of their protoplasm to display 
a high water-retaining ability or a corresponding regula- 
tory ability, 
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Fig, 4, Wilting transpiration with various amounts of calcium, A) 
In sandy loam (pH of potassium chloride extraction 6,7), one-sided 
liming leads to an increase in transpiration; B) with simultaneous 
application of fertilizer (32 kg N, 54 kg PpO, and 80 kg KgO), an 
amount of lime of 800 kg/ha leads to a decrease in transpiration, 
The requirement for liming according to the data of electrometric 


titration is 380 kg/ha; according to hydrolytic acidity it is zero, 
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The use of the minimum relative transpiration as an 
index of the plants’ environmental requirements makes it 
possible to conduct short, preliminary tests for agricultural 
measures, 

Efficient cultivation will be conducted on the basis 
of quantitative data obtained by physiological means, on 
the basis of the opinion of the plant itself and not on 
the basis of many years of empirical experiments which 
always carry an approximate character, 

A basis for agricultural efficiency is the results of 
experiments in which the plants, grown in vessels, disclosed 
the greatest stability even under severe conditions of water 
exchange, e,g., at a high temperature, 


One hundred and fifty-seven field experiments on 
rye, wheat, oats, rape, potatoes, sugar beets, and mangel- 
wurzel were laid out between 1952 and 1955 in order to 
study the effect of fertilizers on the soil of West Saxony 
[8]. It follows from the results of these experiments that 
fertilizers (which were applied according to the data ob- 
tained by the wilting method) in 137 experiments (83% 
of the cases) exceeded the effect of fertilizers applied 
on the basis of other indices which are the customary 
agricultural guides for this region, and in 26 experiments 
(17% of the cases) they were inferior to them. The mean 
value of increasé in yield from 157 experiments was 8,2%. 
In comparison with a fertilizer based on soil analysis 
(phosphoric acid by egner, potassium by Schactsabel and 
Nehring, pH in the potassium chloride extraction), the 
fertilizer used on the basis of the wilting method gave an 
increase in yield in 134 experiments (85% of the cases) 
and a decrease in yield in 23 experiments (15% of the 
cases), The size of the increase as an average of 157 
experiments is 5.6%. The increase in yield fluctuated 
and the advantages of the fertilizer, composed by the 
wilting method, were especially distinct in just those 
years when the effect of fertilizer was significant by itself. 
Financially, considering expenditures for fertilizer, a 
profit of 71 marks per hectare was obtained in comparison 
with the fertilizer customarily used, and 62 marks per 
hectare in comparison with fertilizer based on soil anal- 
ysis, According to the mean data the profit was 39 marks 
per hectare for 3,3 hectare plots during a two year period, 
for the soils of West Saxony, 


For the humus-rich soils (12 experiments) the in- 
crease in yield in comparison with the customary fertilizer 
was 0.3%, or 6 marks per hectare, On sandy soils (16 ex- 
periments) the use of the method of transpiration led to 
a loss of 5 marks per hectare in comparison with the fer- 
tilizer customarily used, but in comparison with the fer- 
tilizer made up according to a chemical analysis of the 
soil it led to an increase of 2.6%, 


The absence of a tangible increase in the yield on 
the humus-rich and sandy soils is no basis, however, to 
den y the presence of an inverse relationship between the 
intensity of transpiration and the size of the yield on 
these soils. By means of the experiments conducted in 





the vessels, it was possible to show that a relationship of 
wilting is established which is the same as on average 
soils, It shows that the low effectiveness of various fer- 
tilizing methods on sandy solls is due to losses through 
leaching, because here water reduces or eliminates the 
effect of fertilizers, Chernozem soil realizes a slight 
increase in yield by various means of fertilizing, In 
spite of this, the task of future experiments {s to find a 
way to obtain a greater increase on such soils, In con- 
nection with this, it {s most expedient to consider the 
water capacity of soils which are used in fertilizer tests, 
and to wet the soil to less than 60% of the total water 
capacity in the chernozem soils from the Hartz mount- 
ains, where there is abundant moisture, and also in the 
sandy soils, 

Of course, the described rates of increase in yield 
cannot be considered as some type of standard; these 
results are only starting points in the investigation and 
not material for drawing references, Future studies should, 
for example, explore the possibility of attaining better 
results in controlling plants by other forms of action, 

In answer to the objection that for determining only 
one requirement in fertilizers the method of wilting re- 
quires too high an expenditure (120 marks) we can point 
out that a lengthy field experiment costs approximately 
300-500 marks, and more, The wilting method cannot 
only replace the field method, but it also produces a 
quicker answer because, as {s known, only many years of 
investigation yield conclusive results in field experiments, 

It is very interesting that the standards for fertilizers 
which we developed by the wilting method in 1952-1955 
differ quite substantially in a number of cases from those 
normally used, The deviation is distributed in the total 
quantity of the nutrient mineral elements (N, K, P. Ca) 
used and in their ratios, For the West Saxony soils, the 
ratio of N: P: K which we obtained by our method in 1952- 
1955 was 1: 0,7: 1,9, while the ratio based on soil analysis 
was correspondingly 1:1: 1.6, and the customary agricul- 
tural standard is 1: 0.9: 2,0, A comparison indicates that 
the ratio of the mineral nutrient elements on the basis of 
the wilting method is closer to the customary agricultural 
standards than to the ratio obtained by a chemical analysis 
of the soil, Further, it was proved that when studying fer- 
tilizers on the basis of the wilting method, the requirement 
of phosphorus fertilizers is reduced 22% and potassium fer- 
tilizers increased 21% as compared with the results based 
on a soil analysis, The expenditure of nitrogen when using 
the wilting method, on the other hand, is increased 5% as 
compared with the soil analysis method, 

While studying the mineral nutrient elements which 
were used in the experiment, it was proven that potas- 
sium caused an exceptionally severe decrease in trans~- 
piration, Naturally it is necessary to consider that potas~ 
sium, as any other mineral nutrient element, in various 
degrees affects the decrease of transpiration relative to 
the time of year, the character of the soil, the salt com- 
position, and the amount of the remaining components 
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of fertilizers [9-10], Fertilizing with magnesium also 
produced unexpectedly severe effects in certain fields 
{11}. 

It follows from all this that a plant requires the 
components of mineral nutrients not only in a specific 
quantity, but also in a correct ratio, The absence of an 
exact conformity of the amounts of the requirements for 
potassium and phosphorus fertilizers, during their deter- 
mination by the wilting method and by chemical analysis, 
is not surprising, 

Relative to the selection of suitable strains it is 
possible to point out the investigations of Rohlig [12], who 
in the course of study at our institute discovered that when 
cultivating strains selected by the wilting method it is 
possible to obtain quickly an increase in yields, i,e,, to 
segregate the most prospective strains for the given con~ 
ditions, In these experiments the plants were cultivated 
under conditions of “wetness” (60% of the total water 
capacity) and "dryness" (sowing at 60% of water capacity, 
but only 40% when two leaves begin to form), The cal- 
culations of transpiration were made when the wetnesses 
of the soils were the same, The purpose of the investiga~ 
tion was to leam the strains which on our diverse soils 
would display the lowest transpiration both under “wet” 
and “dry” conditions, These strains were recommended 
for testing under field conditions, The results obtained 
are shown in Fig, 5. In 1953-1955, the strains with low 
transpiration, in comparison with strains of wheat which 
give off water intensively, increased the yield on the 
average of 1.4 centners per hectare, or by 4% (from four 
to seven different regions), It can be expected that an 
appropriate physiological evaluation for the seed grain 
from a different origin will lead, in practice, to still 
more favorable results, 

By generalizing these data, it can be said that the 
results obtained to the present by the wilting method, in 
the areas of fertilizer and strain testing, offer a basis for 
considering this an effective and economically suitable 
method, Expenditures for analysis become more justified 
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the larger the fields, Under similar soil and climatic 
conditions the economy increases with an increase in the 
size of the fields both in the case of strain selection and 
in the standardization of the fertilizers, 

The economic questions were discussed by us here 
only in as much as they referred to an increase in yield. 
However, what can be attained relative to the quality of 
the nutritive and fodder products has not been mentioned, 
In this regard it is necessary to recall that in the opinion 
of many specialists, agriculture should endeavor to pro- 
duce final products with the highest possible dietetic 
properties, even in those cases when the appropriate 
methods do not cause an increase in yield, 

From this it is possible to make a conclusion con- 
ceming the necessity of comparing in the future not only 
the yield, but also the nutrition of the green mass and 
the fruits, of plants having minimum transpiration. 

In addition to this, when evaluating the economy 
of agriculture, it is also necessary to consider the rates 
of water exchange in a field, and this consideration di- 
rected us to the possibility of a more economic use of 
water, 

Unfortunately in agriculture, which in the majority 
of countries is the greatest consumer of water, the eco- 
nomy of its use is inadequately taken into consideration, 

Usually the supplies of moisture are retained by 
loosening the surface layer of the soil and by removing 
weeds, which in the peak of the growing season remove 
considerable quantities of water from the soil. However, 
the loss of water by transpiration of cultivated plants is 
considered unavoidable because, as is known in many 
geographical regions, the quantity of water given off by 
plants into the atmosphere is considerably greater than 
the quantity evaporated from the soil surface, It is in- 
tolerable therefore that plants, due to carelessly thought 
out and inefficient methods of cultivating, are forced 
into water evaporation which,per unit of mass, is in- 
tensive, The interests of water economy require that the 
liberation of water by crops, especially under arid condi- 
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Fig. 5. Wilting transpiration (diagonal lines) and yield (cross-hatching) of winter 
wheat strains with low (1) and high (2) transpiration, The experiments were con- 
ducted in 1955 at seven points (I-VII) in the German Democratic Republic, Trans- 
piration was determined in the seven-leaf stage and in the blooming phase, The 
deviation from the general rule, low transpiration—high yield, was obtained in 


Rorbach (VI) and was due to increased rainfall, 
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tions, be reduced as much as possible, 

When setting up the problem concerning the rates 
of relative water economy which can be attained by appro- 
priate cultivating methods, it is necessary to take into 
consideration, first of all, the possibility of a significant 
variation in the values of transpiration in relation to the 
ecological conditions and the strain characteristics of 
the plants being cultivated. The data obtained, there- 
fore, when cultivating plants on any soil, under condi- 
tions of any water capacity, cannot be a basis for general 
conclusions. Investigations conducted in our institute, 
on potatoes,confirm this fact [10, 11], In this study 
especially, it was indicative that under our cultivating 
conditions, only one strain selection was capable of 
changing the liberation of water by 100%, As the plants 
aged these differences decreased, 

In more detailed experiments devoted to potassium 
nutrition of oats, it was proved that plants with low trans- 
piration are distinguished by optimum water activity of 
the plasma [12], In particular, it was noted that for long 
days the minimum value of relative transpiration corres- 
ponded to the minimum osmotic values, in other words 
the minimum water activity, with which the optimum 
yield coincides, was observed, In these experiments the 
differences in transpiration intensity for differently pre- 
pared oats could already be discovered in the four-leaved 
stage, which again confirms the correctness of the age we 
selected for determination, 

The physiological bases of the cultivation methods 
for agricultural crops under specific conditions, which we 
have described here, can best be worked out by creating 
numerous farm laboratories; ideally each large farm should 
have its own laboratory, The activity of these laboratories 
should assure more consistant control of practical horti- 
criture, 

First, we will dwell on the determination of fertili- 
zer requirements, The determination can be conducted 
from the middle of July to the middle of November, and 
the data obtained is of value both for winter and for sum- 
mer crops, In this case the following order is maintaineds 
winter rape, winter barley, winter wheat, sugar and fodder 
beets, summer barley, and summer wheat, We used the 
spring months only for determining the fertilizer require- 
ments of potatoes, 

The determination of the fertilizer requirements 
of potatoes was conducted in a hothouse from the be- 
ginning of March to May, Strain tests by the wilting 
method are also included in the program of the farm lab- 
oratory. In order to determine the fertilizer requirements 
for one growing season, the laboratory makes 45 experi- 
ments using about 400 vessels, The laboratory also faces 
the task of checking the quality of the seed grain and the 
yield, 

The work in such a laboratory is easily accomp- 
lished by three assistants: one with an average education 
in agriculture, and two assistant workers, Before these 
assistants begin their responsible work we consider it 









necessary to have them master the appropriate skills and 
methods in farm laboratories already operating. All the 
laboratories presently in the German Democratic Republic 
have been staffed by the previously named cadres from 
the beginning of their operations. 

We have worked in this area of agriculture for more 
than 30 years, but in spite of this we have not exhausted 
it; the attraction to this problem of competent specialists 
would permit, with a slight expenditure, a fuller use of 
the agricultural resources suitable for different climatic 
zones, 


CONCLUSIONS 


1. The inverse relationship between the intensity 
of wilting transpiration and the size of the yield was 
established for a number of agricultural crops, The mini- 
mum wilting transpiration corresponds to the optimum 
conditions of growth and development of plants, 

2, The investigation of wilting transpiration under 
controlled conditions enables a quick determination of 
the fertilizer requirements of plants under existing soil- 
climate conditions, The method of wilting transpiration 
can also be used in short-term strain tests and for region- 
alizing the strains of agricultural crops. 
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It is recognized that appreciable changes occur in 
plant structure and especially in metabolism under differ- 
ing water regimes, However, the nature of these changes 
has not been studied for a long time and they are in need 
of further investigation, particularily the physiological 
and biochemical analysis of growing leaves formed under 
differing conditions of plant water supply. 

Many papers have been published on studies of 
growth processes in relation to the water regime, nutri- 
tion, etc, [1-4], but the dynamic phases of cell growth 
under these conditions have been studied far too little 

On the basis of their many years of data Petinov 
and Brovtsyna [5-6] established that the amount of assimi- 
latory surface of irrigated wheat depends primarily upon 
cell divisions in the meristematic leaves and then, of 
course, upon their elongation. The investigations of 
Ashley and Wangermann [7] concern differences occurr- 
ing during the embryonic growth stage, differences which 
are already appearing while the leaf is being formed, By 
way of contrast Amey [8, 9] assumes that leaf area is not 
determined by the size of the embryo leaf but is determined 
by the duration of the meristematic stage of growth, 

In our work on spring wheat [10] we have shown 
there is an interrelationship between cell division, cell 
elongation, and the differentiation of cells into structural 
leaf tissues (mesophytic when the plant is irrigated and 
xerophytic without irrigation), 

In recent papers [12-15] an attempt is made to 
establish a connection between growth stage and certain 
aspects of the metabolism, For example, the vigor of 
the meristem and cell elongation in the leaves of sugar 
beets under different moisture and nutrient conditions is 
linked with the protein metabolism [12], The increased 
amount of protein which appears in a single cell during 
the cell division stage in oat coleoptile and the quite 
large amount of it present during the elongation stage 
permits us to conclude that cell elongation depends not 
only upon water uptake but also upon newly formed plasma 
[13]. 

A study by Mozhaeva [14] of the amino acid and 
sugar content of sunflower and flowering onion seedlings 
during various growth stages demonstrated the presence 
of large amounts of sucrose and amino acids in the meri- 
stematic zone but of glucose and fructose in the zone of 
elongation, A larger amount of lysine and arginine in 
the meristematic tissues of a number of plants is related 
to their vigorous synthesis of nucleoproteins [15], At the 






same time the valine content of the meristem is observed 
to be low. In addition, the meristem tissue is characterized 
by a much higher ratio of the sum of glutamic acid plus 
glutamine to the sum of aspartic acid plus asparagine, 

An interesting interpretation of the cell division 
and elongation maxima appears in the work of Prat [16] 
who related these processes to the appearance of juvenile 
sieve tubes which conduct the bulk of nutrient materials 
to the growing leaf, Esau et al,[17-21] give the results 
of a physiological study of stages in differentiation, The 
growth processes have been shown to be linked with carbo- 
hydrate and protein metabolism and also with respiration 
in the roots of maize [22], 

A number of recent studies have explained the trend 
of growth processes as due to peculiarities in the nucleic 
acid metabolism, the difference in the ratio of RNA to 
DNA [23-27], Attention has also been given to the role 
of tryptophan in leaf growth, It appears to be a precur- 
sory auxin [28-30] which plays an important role in plant 
growth processes, Alekseev [31] has shown a close cor- 
relation between the auxin and tryptophan content of 
wheat under different water regimes. In addition, it has 
been experimentally possible to convert tryptophan into 
auxin [32], 

Considering the above, we set about to scrutinize 
the physiological features of leaf growth in spring wheat 
in relation to soil moisture with the intention of estab- 
lishing a correlation between the various growth stages 
and the amount of tryptophan in a growing leaf and also 
determining the ability of leaves to synthesize tryptophan, 


METHODS 
Plants of spring wheat Ak-Bidai B-55, a mesophytic 


variety tested in irrigated agriculture, were raised in 
metallic Wagner vessels containing 5.5 kg of oven-dried 
soil in a greenhouse of the Institute of Plant Physiology, 
Academy of Sciences, USSR. 

All experimental plants were subjected to the fol- 
lowing moisture conditions: 60% of field capacity from 
sowing to tillering; part of the plants at 40% from til- 
lering to maturity and the rest of them at 70% of field 
capacity (1955 experiment), In the 1956-1957 experi- 
ments the soil moisture for some plants fell to 25-30% 
after tillering (clearly insufficient water) and in other 
cases was kept at 70%, Plants with an insufficient water 
supply were put to the test of growing slowly and of en- 
during soil drought right up to maturity. 
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B-55 during the grain formation stage, Left) with 
optimal water supply; Right) with insufficient 
water, 


The soil in the vessels was a mixture of forest pod- 
sol (50%), humus (25%) and river sand (25%), 

The plants were supplied with complete mineral 
fertilizer at half the rate ordinarily used in greenhouse 
experiments, When the vessels were filled, NHyNOs, 
KHgPO,, and KCl were added, During the growing period 
the plants received three solution applications of these 
salts at half the rate of N, POs and K,O as in the beginn- 
ing. The general aspect of the plants is shown in Fig. 1. 

In 1959 another experiment was set up in tubs using 
an analogous scheme but different varieties of spring wheat 
Triticum~-Agropyron hybrids 56 and 173 produced by 
N. V. Tsitsin, Or June 12, 1959,during the tillering stage, 
the plants of spring wheat hybrid 56 were placed in a 
“dry wind® chamber for 6 hours (air temperature 40°C, 
relative humidity 25%, natural sunlight, windspeed 1,7 
m/sec), The experimental objective was to follow the 
effect of moisture stress on leaf growth stages and yield, 

The anatomy of the growing leaf was studied in 
temporary preparations stained with acetocarmine [33]. 
The Rom‘e [34] reaction was used to show the localiza- 
tion of tryptophan in the leaf. The amino acid content 
was determined according to Boyarkin (35, 36], trypto- 
phan synthesis according to Polyansvskii and Kretovich 
[28] and also by chromatographic identification of trypo- 
phan [35], The incubation period in the trypophan syn- 
thesis experiments was two hours, This was found to be 
optimal for infiltrated excised leaves of wheat, 


In 1957 we set up seven experiments on trypophan 
synthesis by wheat leaves and eight experiments in 1959, 
Chromatograms were developed by three methods: isatin, 
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ninhydrin, and n-dimethylaminobenzaldehyde dissolved 
in acidified acetone, In the last case the quantitative 
determination of tryptophan was made according to 
Kretovich and Polyanovskii [28] with the single differ- 
ence that we had to free the extract of pigments (by 
three washings with ethyl ether) since pigments inter- 


fered with the colorimetric measurements, 
In 1959 the infiltration experiment was expanded; 


I— Plants with deficient water supply, leaves infiltrated 
with water, II— Water-deficient plants, leaves infil- 
trated with indole + serine, fixed immediately after in- 
filtration, III —- Water-deficient plants, leaves infiltrated 
with indole + serine, incubated two hours, IV — Plants 
with optimal water supply, leaves infiltrated with water, 
V-— Plants with optimal water supply, leaves infiltrated 
with indole + serine, fixed immediately after infiltration, 
VI— Plants with optimal water supply, leaves infiltrated 
with indole + serine, incubated two hours. 

Fixation of plants immediately after infiltration 
(treatments II and IV) permitted us to judge the initial 
amount of serine. In order to create differing value of 
osmotic pressure corresponding to the pressure of the 
plant cells developed under optimal and deficient mois- 
ture supply regimes, in addition to infiltrating indole and 
serine, we introduced the inert material mannitol, Kur- 
sanov [37] showed the effect of various osmotic pressures 
on the vacuum-filtration process, Mannitol was used by 
Gates and Bonner [38] as an equivalant solution in ex- 
periments on nucleic acid synthesis, The osmotic pres- 
sure of the leaves and the introduced solution were de- 
termined cryoscopically.* 


RESULTS AND DISCUSSION 

The investigations we have conducted on the ana- 
tomy of developing leaves of spring wheat variety Ak- 
Bidai B-55 with optimal and deficient water supply have 
established the following. 

From the time that the leaf is laid down until the 
time when it reaches a length of 7 mm all_of its cells 
are dividing as indicated by the mitoses and amitoses 
encountered, About this time the first conducting vessel 
appears, In leaves more than 7 mm long signs of differ- 
entiation appear (in the zone 1 mm back from the tip, 
division is interrupted), Stomata and hairs are formed 
from the cells and the vessels of the vascular trace are 
laid down up to the tip, At the same time in most of 
the Jeaves rapid mitotic and amitotic cell division 
occurs in all directions, until the leaf is 10 mm long, 

a phenomenon observed earlier by Chel’tsova [39]. Thus, 
from the time that it is laid down until it is 10 mm long 
the leaf undergoes the basic stage of cell division al- 
though at the same time the processes of cell elongation 
and differentiation, which insures that the leaf functions, 
go on (Fig.2), Attention is calledto the relation between 
growth and the trypophan content, More will be said 
about this later, It ought to be noted that during this 

* Laboratory technician S, I, Chizhova aided in the ex- 
periments on tryptophan synthesis, 
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Fig. 2, Relation of growth stages, cell division, elongation and differentiation in 
leaves of spring wheat Ak-Bidai B-55 and tryptophan localization in relation to water 
regime, (Average of two years data 1955-56) A) schematic depiction of fifth storey 
leaves; B) leaves of fifth-eighth storey during tillering; 5, 6, 7, 8 leaf storey number 
beneath, xxx (3) signify cell division; bars (2) signify cell elongation, OO (1) signify 
differentiating tissues; shading (4) signifies tryptophan localization, In each pair: 
left) deficient water supply, right) optimal water supply. 


early stage of development the leaves are not markedly 
different whether the plants were under optimal water 
regimes or under a water-deficient regime, except for 
larger cells in the former. 

During the period when the leaf elongates from 10 
to 50 mm by rapid division not all cells are involved and 
not in all directions, Rows of cells along the margin of 
the leaf are observed to divide, i.e., the meristem tissue 
itself differentiates, This leaf growth stage includes, in 
addition to rapid cell division, cell elongation and differ- 
entiation, During this period differences are observed 
in both the size of the leaf blade and the pattern of growth 
in relation to water supply conditions, Under water-de- 
ficiency conditions the rate of cell division and elonga~ 
tion decreases and the process of cell differentiation 
into tissues goes on more rapidly, The leaf “rushes” its 
growth and completes its development (Fig. 2), 

There was no activity detected in the meristema~- 
tic tissue of a 40-mm-long leaf of the sixth storey of 


spring wheat variety Triticum-Agropyron hybrid 56 sub- 
jected to artificial dry wind for six hours (experiment at 
the Artifical Climate Station, Institute of Plant Physiology, 
Academy of Sciences, USSR,June, 1959), Furthermor, 

this plant elongation and aiiferentiation were complete, 
while with only a single moisture deficiency cell divi- 
sion in the sixth leaf continued up to a length of 75 mm 
and with 70% soil moisture the meristematic activity was 
quite high in a leaf 180 mm long (Fig. 3). 

The experiment conducted in the "dry wind” cabi- 
net clearly shows the destructive effect of soil drought 
(30% soil moisture) coupled with atmospheric drought 
(relative humidity 25%,temperature 40°C, and wind speed 
1.7 m/sec) upon early stages of growth, The growth proc- 
esses are not regenerated by subsequent growth at 50% soil 
moisture, i.e,, changes in the leaf meristem tissues occurr- 
ing due to dry wind are irreverisble up to maturity. The 
plants continue to have short and yellowed top leaves and 
give a low yield (Table 1). 


TABLE 1 Grain Yield and Leaf Area of Spring Wheat in Relation to Water Regime 








Year Soil moisture (% of Variety Leaf area, | Grain dry 
field capacity) main til- wt, g 
lers, cm” 
1955 40 Ak-Bidai B-55 42.85 6.29 
70 249,17 45,29 
1959 25 % + 6 hours Triticum-Agro- 
of “dry pyron hybrid 56 
wind" - 3.16 
35 - 5.16 
70 
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Fig. 3, Microphotographs of sections of leaf bases of sixth storey leaves of Triticum- 
Agropyron hybrid 56 in relation to moisture regime (100 x), a) Plants at 35% soil mois- 
ture, subjected to dry wind (leaf length 60 mm); b) plants at 35% soil moisture (leaf 
length 60 mm); c) plants at 70% soil moisture (leaf length 180 mm), 


In the data on early stages of leaf growth in Ak- 
Bidai B-55 (Fig. 2) it should be noted that in a leaf from 
50 to 150 mm in length the rows of dividing cells are 
characteristically localized, During this period vigorous 
cell elongation begins and because of this on the average 
the leaf grows to 100 mm in two days under optimal water 
supply conditions, Except for the narrow band of meri- 
stematic tissue lying at the very base of leaf, all remain- 
ing cells have already differentiated into tissues and at 
the same time elongation is checked, With insufficient 
soil water,leaf cell elongation is terminated appreciably 
earlier (Figs, 2 and 3), 


After the leaf reaches a length of 150 mm the rate 
of cell elongation at the leaf base decreases even with 
optimal water supply; in leaves from 150 to 250 mm long 
the process of cell elongation predominates, Dividing 
cells immediately differentiate, The latter divisions in 
the leaf occur in the meristematic cell with the forma- 
tion of stomata at the very leaf base, With soil moisture 
of 40% and lower (25% of field capacity) the elongation 
phase is markedly shorter, In Fig. 4, a,b,c are shown 
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transverse sections of leaves which have completed growth, 


The earler phases of these leaves are depicted in Fig, 3, 


a,b,c respectively. 
With optimal water supply cell division in the meri- 


stematic tissue of the leaves of the top storey is curtailed 
considerably later, In a fifth storey leaf with a length of 
250 mm,cells which form stomata continue to divide, 
After cell division is completed the cell elongate for 
5-6 days, As a result, the leaf reaches a length of 400- 
500 mm, When water supply is deficient the elongation 
stage is markedly shortened and the leaf grows no longer 
than 180 mm (Fig. 2), The data thus show that an in- 
sufficient water supply results in rapid tissue differentia- 
tion and shortens the division and elongation stages, It 
should be noted that the higher the leaf storey the more 
rapidly the leaf passes through all of the growth stages 
mentioned since they occur under greater soil moisture 
tension, According to our data the cell division stage 
concludes when the leaves of the fifth, sixth, and seventh 
storey reach 150, 75, and 70 mm respectively and the 
elongation stage concludes at leaf lengths of 210, 160, 
and 110 mm respectively, 









lir 
of 


wh 











Fig, 4, Effect of soil moisture and dry air on the anatomical structure of fifth storey 
leaves of Triticum=Agropyron hybrid 56 (No,7,x 40). a) At 35% soil moisture, sub- 
jected to dry air; b) at 35% soil moisture; c) at 70% soil moisture, 


The presence of divisions in leaves 250 mm long, 
permitting the development of great assimilatory surface, 
is evidence of the great activity of the meristem of Ak- 
Bidai B-55 under optimum corfditions of water supply. 

The results presented permit us to conclude that 
there is a close relationship between all growth stages 
and between them and factors of the external enviro- 
ment (in our experiments soil and atmospheric moisture), 
A prolongation of the cell division and elongation stages 
{is one of the conditions for development of mesophytic 
structure in plants, The latter is necessary for obtaining 
a highly productive plant form under irrigation conditions 
[40]. 

From this and earlier data [10] it is evident that the 
limits to embryonic growth are determined by peculiarities 
of the variety, leaf storey, and soil moisture conditions, 

Study of the differentiation of meristem tissues of 
wheat leaves in relation to the water supply conditions 


showed this process accelerates with 25-40% soil moisture. 
Differentiation includes not only the formation in the leaf 

of tissues completely delineated as to function (conducting, 
assimilatory, stomatal, epidermal etc.) but also such proc- 
esses as thickening of the primary walls, their lignifica- 
tion,etc, During retardation of leaf growth caused by a 
water deficiency, leaf-formed assimilates which have not 
been used in growth processes are involved in the differ- 
entiation processes and even stimulate the latter, Ana- 
logoys data was obtained by Loomis [11]. Under optimal 
water regime conditions this process proceeds more slowly 
with a resulting prolongation of the period of leaf cell 
division and elongation, 

In determining the nature of changes in the growth 
processes in relation to water supply conditions from an 
anatomical and cytological point of view it seemed ex~- 
pedient to us to study a few physiological and biochemical 
aspects of the growth process, With this objective we 
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Fig. 5. Chromatograms showing the amino acid contents in ex- 





periments on tryptophan synthesis in leaves of Triticum-Agropyron 
hybride 56. A— Rapidly-moving amino acids: 15) proline, 17) 
tyrosine, 18) tryptophan, 20) valine, 21) phenylalanine, 24) lysine; 
B— Slowly moving amino acids: 5) arginine, 7) aspartic acid, 9 
and 10) glycine and serine, 12) glutamic acid, 13) threonine, 14) 


alanine, 


undertook to study the amino acid composition of growing 
leaves devoting particular attention to tryptophan content 
and synthesis, A link between the growth processes and 
the presence of tryptophan in the leaf was established by 
the use of comparative histochemical analysis (Fig, 2). 
Analysis of the results obtained leads us to conclude 
that the presence of tryptophan in the leaves is related to 
the cell division or elongation growth stage(Fig. 2), It 
should be noted in this connection that the localization 
of tryptophan. in the leafbase still says nothing concerning 
the site at which it was synthesized, It is completely pos- 
sible that it is synthesized in the tip of the leaf as was 
shown by Polyanovskii and Kretovich [28] in wheat seed- 
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t) unidentified, I, II, II, IV, V, VI, treatments, 


lings. Apparently the efflux of tryptophan from the leaf 
tip to the base is connected with its direct participation 
in the growth processes, While histochemical analysis is 
more suitable for comparative localization of tryptophan 
in different treatments, chromatographic analysis permits 
us to determine directly the connection between trypto- 
phan and growth, 

During the cell division and elongation stages a 
leaf under optimal water supply conditions contains mark- 
edly more tryptophan than a mature leaf, In addition to 
tryptophan there is a larger amount of tyrosine in the grow~ 
ing leaf, A deficient supply of water to the leaf during 
its period of rapid growth strongly reduces its tryptophan 
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Fig. 6. Densitometer measurements of amino acids on chromatograms of leaves of Triticum-Agropyron hy- 


brid 56, developed with isatin (Explanation in text of section on methods). 
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TABLE 2 Tryptophan Synthesis in Leaves of Wheat PP-56 in Relation to Soil 
Moisture after Two Hours Incubation (Experiment 4, June 18, 1959) 












Soll moisture Material 
(% of field 


capacity) 





Tryptophan yp g/g dry wt. 





infiltration material 





indole + serine 


water 





Leaves, storey 4-5 


70 
30 Leaves, storey 6 
70 Growing 





content, Apparently tyrosine also participates directly in 
plant growth, Proline (possibly oxyproline) appears at the 
end of the growth process and the amount of it is several 
times greater with a deficient water supply than with opti- 
mal watersupply. A larger amount of alanine is also found 
in a growing leaf, Figures 5 and 6, in which the amino acids 
of wheat leaves are depicted, provide an idea of their 
ratios in the leaf, It is necessary to assume that these 
data are comparative since the sensitivity of different 
amino acids to development with isatin is not equal and 
the distinctive color of the amino acids was not always 
complimentary to the yellow filter of the densitometer 
used, In order to obtain an idea of the absolute amount 
of amino acids present it was necessary to make a cali- 
bration curve similar to the one we had made for trypto- 
phan (Fig. 6). 

Our chromatographic analysis of the leaf showed a 
close relation between the growth processes and the trypto- 
phan and tyrosine content, 

During 1957-1959 we conducted a number of ex- 
periments on the synthesis of tryptophan in the leaves of 
wheat Ak-Bidai B-55 using the vacuum infiltration tech- 
nique, In contrast to work we have already done in this 
direction [28] we aimed to bring about tryptophan syn~- 
thesis in mature leaves but not in seedlings, This would 
permit us to trace the effect of plant water regime on 
this synthesis process, 

In order to follow the process of tryptophan synthesis 
and to select the exposure time after infiltration we relied 
on the chromatographic method since it revealed the dy- 
namics of leaf amino acids, In parallel with this we de- 
termined tryptophan according to the methods of Kretovich 
and Polyanovskii[ 28], The resultsof one of these deter- 
minations is presented in Table 2, 

The densitometer method allowed us to determine 
not only the quantity of tryptophan and its precursor serine 
but also the ratios of other amino acids, 

After a two-hour incubation in experiments with in- 
jected indole + serine or indole alone we detected an in- 
crease in the color intensity of the tryptophan-chromato- 
gram spot compared to the control (infiltration of water) 
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which allowed us to evaluate the synthesis of tryptophan 
(Fig. 5 and Table 2), At the same time we observed a 
decrease in serine after the period of incubation, Den- 
sitometer determinations (Fig. 6) supported this conclu- 
sion, Comparison of the value of the spots of trypophan 
synthesized by the plants with optimal and deficient 
moisture supply established that more tryptophan was syn- 
thesized with optimal water supply, In addition, we were 
able to show a decrease in the amount of aspartic and 
glutamic acids in experiments with infiltration of indole 
+ serine: These two amino acids decreased in amount as 
the incubation time increased which supports the concept 
that they are destroyed either in respiration or in trans- 
amination processes linked with synthesis, 

Experiments on the synthesis of tryptophan from its 
possible precursorssindole and serine.,affirm the possibility 
that tryptophan is formed by this route, These data agree 
with data obtained earlier by Kretovich and Polyanovskii 
[28] which indicated the possibility of such a synthesis in 
wheat seedlings, 

A study of the effect of different soil moisture re- 
gimes indicated that a deficient moisture supply decreased 
the ability of wheat leaves to synthesize tryptophan, 


RESULTS 


The influence of the water supply of wheat plants 
on the capacity of their leaves for synthesis of tryptophan 
from its possible precursors, indole and serine, was studied. 
Morphological and anatomical analysis of the growing 
leaves was carried out in parallel on the experimental plants, 

It is shown that under conditions of insufficient water 
supply (25-30% of complete water capacity), growth of 
the leaves rapidly terminates, this being due to slowing 
down of cell division and cell elongation processes, Under 
optimal conditions of watersupply (70%) the leaves retain 
their capacity for cell division and elongation over a much 
longer period of time. Thus, cells were found to divide 
in the base of a leaf of the sixth row of Ak-Bidai B-55 
summer wheat when the latter was grown under optimal 
water conditions, The length of this leaf was 250 mm 
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whereas that of the leaf of a plant grown under conditions 
of insufficient water supply, in which cell division had 
ceased, was 75 mm. 


Under the action of soil and air drought (6 hour 
artificial hot wind) all growth processes had already 
ceased in 40 mm leaves and inhibition of the meristema- 
tic activity in the leaves caused by the dry wind was re- 
versible. 

Histochemical and chromatographic analysis of 
amino acids in conjunction with densitometric measure- 
ments yielded the dependence of tryptophan and tyrosine 
content on growth, When the water supply was sufficient 
more tryptophane, alanine and tyrosine and less proline 
(and possibly oxyproline) were found in the leaves than 
if the water supply was insufficient, 

Experiments on tryptophan synthesis in wheat leaves 
showed that larger amounts of tryptophan were formed 
under optimal water conditions and this may be one of 
the reasons of the prolonged growth of the leaves, Thus, 
tryptophan synthesis depends on the age state of the leaf 
which in turn largely depends on the water supply of the 
plants, Optimal water relations in the plant lead to en- 
hancement of the cell division and elongation period in 
the plant and is one of the conditions for development 
of mesophylic properties, The latter is, on the other hand, 
a prerequisite for high plant productivity under irrigation 
conditions, 
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In numerous phenomena of interactions among plant 
organisms, besides substances which are excreted in diluted 
form into the surrounding medium, volatile gaseous sub- 
stances are also produced, which play one or another role 
in nature, in accordance with their properties, concentra- 
tion and conditions of action, 

Of late, excretions of this nature have attracted the 
attention of a number of investigators working with higher 
plants [1-5], as well as with lower plants [6, 7, 8]. 

With regard to the excretions of higher plants, it has 
been shown that they serve in particular as a chemical 
protection against saprophytic and semiparasitic forms of 
fungi and bacteria, which fall onto the leaf surface. How- 
ever, the effect of volatile excretions is spread to some 
degree onto surrounding plants and animals, 

The nature of volatile excretions is as yet little studied, 
In the works mentioned, the method chiefly used has been 
that of leaf grinding in the course of which the produc- 
tion of volatile substances increases, but also is changed 
to a certain degree, There are a small number of papers 
[3, 9] on the study of the effect of excretions of intact 
leaves on microorganisms, In this case a bacteriocidal 
effect was also shown in some plants, 

Numerous organic compounds enter into the compo- 
sition of volatile excretions, and one may suppose that 
among them are to be found, on the one hand, substances 
that are common to all, or at least many, plant families, 
and on the other hand, those specific tocertain families. 
Thus, for example, the ester oils, contained in the plant 
families of Umbelliferae and Labiatae, were once re- 
garded as the only factor which determined their phytoci- 
dal effect. However, it has been shown [9], that after 
artificial removal of the glands which served as con- 
tainers of these ester oils, the phytocidal activity is re- 
tained, which indicated the presence of a number of other 
components in the volatile excretions, 

One may suppose that, in reponse to injury of cells 
and tissues, plants must produce, besides specific sub- 
stances, some non-specific substances, which have a pro= 
tective function. 

Verderevskii[11], inhis papers, begins with the con- 
cept that antimicrobial excretions of plants represent a 
defense reaction, which lies at the basis of a natural non- 
specific immunity. 

In the present paper, attempts are made to clarify 
the nature of certain components of volatile excretions, 






In previous investigations [12], we have found qualitat- 
ively by means of fuchsin-sulforous acid, the presence 

of volatile aldehydes in excretions produced by ground 
plant leaves, 

Further, the problem consisted in determining the 
amount of volatile aldehydes in various periods of the 
vegetative growth of plants, and in attempts to clarify 
the composition of these compounds, To capture the 
volatile aldehydes, we used the method of absorption by 
solutions of dimedon or dinitrophenylhydrazine, A cur- 
rent of air was passed over the ground leaf mass and then 
into an absorber with porous glass plate filled with the 
proper solution. The precipitate of hydrazones was fil- 
tered off, washed, and weighed. Experiments were carried 
out with leaves of 15 different woody plants, 

Aldehydes were found in ground leaves of all samples 
but they were excreted to a greater degree in angiosperms 
than gymnosperms, In contrast to that, in experiments 
carried out simultaneously with intact leaves, only traces 
of aldehydes could be found in the best case, This pheno- 
menon indicates that aldehyde excretion is evidently 
connected with secondary processes taking place in the 
ground leaf tissues, Subsequent determinations of vola~- 
tile excretions, during the growing season, have shown 
that the rate of aldehyde production depends on the age 
and physiological state of leaves (Table 1), Thus, young, 
not very well developed. leaves excrete less aldehydes 
than completely mature ones; yellowing leaves produce 
considerably less than the green ones, 


It is interesting to note that the total amount of 
volatile organic substances, determined by \absorption 
with concentrated sulfuric acid with consequent oxida- 
tion to COz, turns out to be greatest, in young leaves 
whose tissues are yet thin and tender, 


Observations on aldehyde production have also shown 
that a sample of ground leaves (30 g_ in some plants— 
poplar, chokecherry, birch) evolve these substances for 
five to seven days, under conditions of constant air flow 
(Table 2), 


The duration of aldehyde production (five to seven 
days) indicates that these substances are continuously 
formed in some kind of enzyme reactions, 

In the experiments specially conducted with poplar, 
it has been established that rapid killing of the ground 
leaf mass with steam causes cessation of aldehyde evolu- 


149 









wet weight and 100 liters of air) 


TABLE 1 The Amount of Volatile Aldehydes Excreted Ground Leaves (in mg of hydrazones per 100 g 




















Plants Date of Hydrazones, Plants Date of Hydrazones, 
experi- mg experi- mg 
ment ment 

Chokgcherry 31, V 71,3 Birch 27, V 7,3 
The same 2, Vill 317.0 The same 10. VII 242.0 
Poplar 28, V 27.6 The same 29, IX 31,3° 
The same 18, VI 108,3 Pine 24, VI 38,3° * 
Oak 19, VI 25,3 The same 6, X 9,3° °° 
The same 11, IX 61,0 








* Yellowing leaves, 
** Young shoots, 
een One~-year-old needles, 


TABLE 2 Constant Excretion of Volatile Aldehydes (in 
mg of hydrazones per 100 g wet weight in 100 liters of 
air) 








Date Poplar Date Chokecherry 
23, X 107.6 12, IX 128.6 
25, X 79,0 13, IX 223,3 
26, X 50.3 15, X 179.0 
27, X 25.0 16, X 89,3 
28, X 23.6 17, IX 62,0 

18, IX 74.0 
19, IX 58.0 











Note: In the experiment with poplar the amount of air 
used was 488 liters, while in the experiment with choke- 
cherry it was 305 liters, 


tion; it has also been shown that aldehydes are not evol- 
ved when the air current is changed to a carbon dioxide 
current, Thus, these experiments have confirmed our 
hypotheses concerning the enzyme nature of aldehyde 
formation, and agree with the data of Nye and Spoehr 
[13]. In the leaves of chokecherry there occurs gluco- 
sidase, which splits amigdalin to hydrocyanic acid and 
benzaldehyde [14]. We have not found any references 
concerning the occurrence of glucosides of the amig- 
dalin type in leaves of such plants as oak, birch, poplar; 
consequently the source of aldehyde formation in this 
case must be another substrate and other enzymes, At 
the present stage of the work, it is only possible to sug- 
gest that aldehydes are formed in oxidation-reduction 
transformations of acids and alcohols, with participation 
of alcohol dehydrogenase and carboxylase, Further work 
would show how correct such suggestion may be. 
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We have tried to approach the question of which 
volatile aldehydes are evolved from the ground leaves 
by means of separating hydrozoles on acetylated paper 
using formaldehyde, acetaldehyde, and benzaldehyde 
as standards, 

Up to the present time, a spot corresponding to 
acetaldehyde has been clearly seen in chromatographic 
determinations of volatile aldehydes in red bilberry and 
juniper, while spots corresponding to formaldehyde and 
benzaldehyde were not found, 

Insofar as the biological role of aldehydes is con- 
cemed, it seems to us that their presence in the volatile 
excretions of ground leaves in the most diverse plants 
is correlated with the bacteriocidal effect which is shown 
to some degree by all plants. Thus, the biological acti- 
vity of excretions may be connected with the presence 
of bacteriocidal compounds, Of course, one should not 
think that the aldehydes alone are responsible for the 
activity of volatile excretions. To a certain degree, it 
is determined by the simultaneous action of various sub- 
stances (volatile acids, esters, alcohols, etc.), However, 
aldehydes are a constant component of volatile excre- 
tions, Probably some combinations of substances in 
volatile excretions lead to the strengthening of the 
biologic effect through synergism, while others lead to- 
wards weakening of this effect. 

Many authors have studied the biological effect of 
various aldehydes; the bacterlocidal effect of form- 
aldehyde, crotonaldehyde, and other aldehydes of the 
aliphatic series are well known, There are some data 


indicating that acetaldehyde and formaldehyde inhibit 
enzymatic activity, respiration and photosynthesis [15], 


In the papers of Evenari [16], there has been de- 
monstrated inhibiting action of aromatic aldehyde on 
seed germination and this author emphasizes that the 
aldehydes are far more toxic than are the corresponding 
acids, Thus, one may consider that the biological acti- 




















vity of volatile excretions of injured tissues is connected 
with aldehydes of the aliphatic and aromatic series. 

The production of aldehydes in response to a break 
in tissue continuity is one of the mechanisms of natural 
non-specific immunity, developed in the process of plant 
evolution, 


CONCLUSIONS 

1. It has been shown that aldehydes are a constant 
component of volatile plant excretions, 

2. Production of aldehydes takes place as a result 
of enzymatic processes in the injured cells and tissues 
and depends on the properties, age, and physiological 
conditions of plants, 

3, An attempt was made to relate bacteriocidal 
properties of volatile excretions with the presence of 
aldehydes, produced as a result of intensification of oxi- 
dation-reduction enzymatic processes, 

4, One of the mechanisms, ensuring the production 
of protective substances, which lies at the basis of natural 
non-specific immunity of plants, is clarified. 
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In relatively favorable years of wintering for winter 
wheats, as a rule, the best survival of plants is noted in 
fields planted at the optimal time for the particular re- 
gion, following the best antecedent treatment — fallow or 
cover crop. In the years with sharply-expressed unfavor- 
able factors, such as a sharp drop in temperature after 
long and deep thaws, together with a strong abrading ice 
crust, while snow covering is absent (such as took place 
in 1928-29 and 1955-56, in the southern region of the 
Ukrainian SSR) the mass death of winter wheat and even 
rye, with certain other regularities, was observed, as can 
be seen in the data of Table 1, 

From Table 1 one may see an unusual regularity 
for the relatively favorable years of wintering. The 
greatest loss, as a rule, is observed following the best 
antecedents after early plantings, and following the worst 
antecedents after very late plantings, It is difficult to 
explain this phenomenon from the point of view of exist- 
ing theories [1-3], 

In studying the loss of plants under field and lab- 
oratory conditions, attention was usually paid to the 
changes that took place in the aerial] mass and in the 
tillering node, embedded in the soil to the depth of 2 to 
3 cm, but the state of the root system has not been taken 








into consideration at all, Yet, it is known that from the 
time of cessation of vegetative growth, the aerial mass, 
which stops growing, acts as a supply of reserve nutrient 
substances, while the root system, below the limits of the 
frozen soil level, as we have established, is not only 
active, but also supplies the aerial mass with water; this 
occurs even during periods of frosts and thus also shows 
one of the basic living properties of plant growth, Be~- 
cause of this, in studying the reasons for injury of winter 
plants, we have concentrated our attention on the root 
system, The investigations were carried out by taking 
monoliths throughout the whole depth of root embedding, 
with subsequent washing (Fig. 1). 

The data obtained are given in Table 2. 

As can be seen from Table 2, the worse the ante- 
cedent, and the later the planting (except for the latest 
— October 10),the shallower is the root system, and the 
greater is survival of the plants. To explain the regu- 
larity obtained, we start from the point of view that the 
conditions of wintering will be different for plants with 
different depth of root system embedding. 

With the beginning of frosts, which as a rule are 
light and gradually increasing and in our regions — the 
southern forest-steppe of the Ukrainian SSR reach 15 to18° 





TABLE 1 Wintering of Winter Wheat in Relation to Antecedent Treatment and Times of Planting 
Area of planting with different percentage of dead plants 
Area — = etic ieee 16 pes VGRE TS RETR, TPS, yee 
Antecedent treatment | investi- up to 50% from 50% to 15% from 75% 
and times of planting Scan in hec-| in % of area} in hec-| in % of area in hec- | in % of area 
tares investigated | tares | investigated) tares investigated 

ANTECEDENTS | 
Fallow 3673 269 7.3 876 23.9 2528 68.8 
Perennial grasses 2086 340 16.3 676 32,4 1070 51,3 
Winter wheat 2964 7134 24,8 990 33.4 1240 41.8 
Spring grain 1757 480 27.3 613 35.0 664 37.7 
TIMES OF PLANTING 
Prior to Sept, 5 4301 345 8.0 741 17,3 3215" 74.7 
From Sept, 5 to 

Sept, 20 3654 624 17,1 1160 31.8 1870 51.1 
From Sept, 20 to 

Oct, 1 734 256 34,9 163 22,2 315 42.9 
After Oct, 10 236 - 39 16,5 197 83.5 
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Antecedent and Time of Planting 


TABLE 2 Length of Root System in cm in Wheat Liutestsens 17 and Survival of Plants (in %) in Relation to 





Antecedent Time of | Length of | Percent of 
planting | root sys- | surviving 
tem, cm | plants 











Nonfertilized fallow} 20,VIII 110 3 
The same 10,1x 54 44 
The same 1.X 33 38 
The same 10.X 14 5 
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Fig. 1, Development of root system in winter wheat 
Liutestsens 17, in relation to the time of planting 
(A) and its antecedent (B) Time of planting: 1) August 
203 2) September 10; 3) October 1; predecessor: 3) 
fallow; 4) corn for silage. 


in the first half of winter, the soil freezes to the depth 
of 40 to 60 cm, The main mass of roots in plants with 
a weakly developed aerial mass and a shallow root sys- 
tem, will be found in the frozen soil level even in light 
frosts, Because of the continuous transpiration, there 


TABLE 3 





Antecedent |Time of |Length of |Percent of 
planting jroot sys- = |surviving 
tem, cm plants 





Fertilized fallow] 28,VII 145 2 
Corn for silage | 20.1X 36 Aa 
Winter plants 20.1X 34 42 
Spring grain , 20.1X 30 56 








occurs a gradual dehydration of all plant tissues. This is 
followed by a decrease in the rate of basic living prop- 
erties [3], and a transfer of the plants into a dormant 
state. 

The conditions are different in plants with a greatly 
developed aerial mass and a root system deeply embedded 
into the soil layer, We have established that in the 
strongly developed plants of variety Liutestsens 17, after 
early planting following fallow, the root system reached 
the length of 145 cm, The powerfully developed aerial 
mass, Covering the surface of the soil, prevents the loss 
of heat, and because of this the soil, with such an ante- 
cedent as fertilized fallow, freezes more slowly and to 
a lesser depth during light frosts in the late fall period 
and in the beginning of winter. The main mass of the 
root system,deeply embedded in soil in such plants, re- 
mains at an above-zero temperature, and does not cease 
its living activity. Since it is in the active state, the 
root system supplies the aerial mass with water from the 
deep levels of soil even during frosts (Table 3), Because 
of this, such plants do not become dormant, do not ex- 
perience the sharp cessation of basic living processes 
and do not undergo the phase of hardening, During a 
sudden onset of heavy frosts after long and deep thaws, 
which takes place in years unfavorable for wintering, 
such plants often perish from the general interference 
with metabolism and from formation of large amounts 
of ice in the intercellular spaces of their tissues. As 
many investigations show, such rapid cooling may cause 
ice to form inside the cells in the protoplasm, which 


Hydration of Tissues (in %) and Respiration Rate (in mg CO, per g 


wet weight per hour) in Relation to the Time of Planting (samples taken for 


analysis January 15, 1958) 





Studied 


Name of variety 
Liutestsens 17 Hydration 
OP-16 The same 


Liutestsens 17 
OP-16 


Respiration rate 
The same 








| Time of planting 
15. vm | 1,1xx '15,1xl 1.x 


433 320 257 , 221 
315 293 166 | 134 
0.67 0,65 0.65! 0,52 


0,56 0.47, 0,43 
















does not otherwise take place during a gradual dehydra- 
tion and a gradual lowering of general metabolism. 

From this point of view, we can understand the 
well-known phenomenon of considerable injury and 
often complete death of winter plants planted very late, 
even in relatively favorable years of wintering, and as 
well, when plants enter the winter in the state of weakly 
developed seedlings, just appearing on the surface of the 
soil, In such plants, the root system is embedded to the 
10-15 cm depth of soil level. During the period of deep 
thaws, which in the regions of the southern belt of forest- 
steppe of W-xrainian SSR occur every year, the soil, as a 
rule, thaws to the complete depth of root system embedd- 
ing. When the average daily temperatures are above 
zero, as was noted even in the middle of the winter of 
the year 1955-56 — very unfavorable for a wintering 
year — the plants come out from the dormant state, be- 
come greatly exhausted, and lose their hardening; such 
plants, as a rule, perish with the onset of severe frosts, 

A great effect of antecedent soil treatment on the 
wintering of winter plants is shown, Besides the nutrient 
conditions and moisture reserve, the development of the 
aerial mass and the depth of embedding of the root sys- 
tem, the heat regime of the soil plays an important part, 
‘Numerous data of meteralogical stations and our own 
observations show that the heat regime in the zone of 
root system embedding is different in cases of different 
antecedent soil treatment, Thus, under conditions of 
the 1955-56 year, the fallow soil which was warmest 
in the fall was the coldest in February, i.e., in the most 
critical period for winter plants, Minimal temperature 
at the depth of 5 cm under winter plants was —19° after 
fallow soil,—17,3° after perennial grasses, and ~16,2° 
after grain grasses, 

In addition to mechanical composition, porosity, 
moisture reserve and other factors, the presence of non- 
mineralized root remnants in the plowed level of the 
soil plays an important part in determination of soil 
temperature after perennial grasses, After grain grasses, 
used as an antecedent in planting of winter plants, a 
large amount of stubble is plowed under, in addition to 
the root remnants, 

Experiment in Vegetative Vessels 

The purpose of the experiment in vegetative ves- 
sels consisted of checking the injurious effect on the 
wintering of winter wheat plants of such states when 
growing conditions favor strong development of aerial 
mass and deep (up to 1.5 m) embedding of root system 
into the soil, In connection with this, the experimen- 
tal set-up was somewhat different from the usual one, 
Usually, when studying winter resistance of plants by 
vegetative methods, the plants are grown in vessels or 
boxes 25 to 40 cm high in different amounts of soil. 

In such vessels, the conditions of plant wintering are 

sharply different from the usual field conditions, Even 
during light frosts, the soil in containers freezes to the 
full depth of root system embedding, which contributes 
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to the rapid dehydration of plants, and their transfer to 
the state of anabiosis, This explains the phenomenon, 
known to breeders and physiologists, of greater winter 

resistance of plants grown in such vessels, as compared 
with plants grown under the usual conditions. 

In out experiments, we tried to give plants condi- 
tions as close as possible to those in the usual production 
plantings. 

We prepared special vessels of sheet iron 120 cm 
high, and 32 cm in diameter, Vessels were not filled with 
soil from plowed level as is usually done, but a mono- 
lith 120 cm deep was taken for each vessel. Monoliths 
were taken from the soil which had the best antecedent 
treatment for our region— fertilized fallow, Twenty seeds 
of regional variety Liutestsens 17 were planted in each 
vessel, After appearance and good development of seed- 
lings, 16 plants were left in each vessel, Vessels were 
placed on the production range of winter plants and 
planted in previously fallow soil according to the follow~ 
ing plan: four vessels were set into the ground to their 
full depth (120 cm) and served somewhat as a control for 
the production planting, The second group of four vessels 
was set to the half of their depth (to 60 cm) and their 
lower part, located in the soil, was insulated with tar- 
paper and sawdust, The third group was left on the soil 
surface (Fig, 2), 
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Fig, 2, Distribution of vegetative vessels on the 
production range of winter plants, 


At the time of cessation of the autumn growing 
period, the monolith in a control vessel was washed off 
and it was established that the root system reached the 
bottom of the vessel, 

The wintering took place in the following meterolo- 
gical conditions, 

‘The autumn of 1956 was warm, with an amount of 
precipitation slightly, but not significantly, less than the 
average over many years, September and October were 
characterized by a large number of sunny days which 
favored good development and hardening of plants. Growth 
ceased in the middle of the second week of November; 
stable frosts began in the fourth week of November. The 
sharpest fall of temperature in 1956 was observed during 
the third week in December, when frosts reached—16°, 
The fourth week of December and the first week of Jan- 
uary were unusually warm, Minimal temperature in this 
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period was not lower than—11° at night, and in the day- 
time often reached 2 to 3°, The second frost was observed 
during the second and third week of January, but even in 
this period the air temperature was no lower than-19,7°, 
During the whole of February and March the weather was 
unstable, with night frosts down to—10° and daily tem- 
peratures above zero, up to 6 to 8°, In spite of these con- 
ditions, up to the beginning of the fourth week of March 
the soil thawing was no deeper than 10-15 cm, This pre- 
vented plants from coming out of the dormant state, ex- 
cept in the case of the latest planting of October, where 
the depth of root system did not exceed 10-15 cm, Be- 
cause of this, there was no mass perishing of winter wheats, 
except for the latest plantings, 

In spite of the warm winter, the wintering of plants 
in vegetative vessels was considerably different from 
production conditions, Different percentages of plant sur- 
vival were noted among the groups of vessels, as can be 
seen from Table 4, 











TABLE 4 Wintering of Plants in Experimental Vessels 
Experimental | Number of | Number of Percent 
treatment plants prior | plants survival 
to winter surviving 
winter 

Vessels dug 

into the 

ground 16 16 100 
Vessels dug 

half-way 

into the 

ground 16 5 31,2 
Vessels on 

the soil 

surface 16 10 62,5 











In 1957-58, a vegetative experiment was conducted 
according to the same plan with the only difference being: 
rotted manure was used instead of sawdust for the insula- 
tion of the vessels dug partly into the ground, The ex- 
perimental results were even more clear. 

In those vessels set into the ground, the plants sur- 
vived completely; in those vessels placed on the surface 
of the soil, 55% of the plants survived, It is characteris~- 


tic that in the previous year, the death of plants was ob- 
served only on the southern side in this group of vessels, 
where thawing of soil occurred in the sunny days of spring- 
winter period to the whole depth of the vessel, On the 
northern side, where no thawing was noted, all plants sur- 
vived, All plants perished in that vessel set half-way into 
the ground and insulated with rotted manure, 

On the basis of the above results the following prac- 
tical conclusions may be made: first— one should avoid 
early August plantings, which are still used in practice 
in the southern regions of the forest-steppe of Ukrainian 
SSR and in other regions with analagous climate, parti- 
cularly after the best antecedents for the winter wheat, 
which favor the strong growth of the aerial mass and very 
deep embedding of root system into the soil levels, 

Secondly, one should not allow too late October 
plantings in our regions, especially after poor antecedents, 
when plants go into the winter in the state of weakly de- 
veloped seedlings with a very shallow short root system, 
up to 10-15 cm, 

The relatively warm winters of 1956-57 and 1957-58 
did not show a negative effect on wintering of plants in 
control vessels completely set into the ground, 


CONCLUSIONS 
The greatest winter resistance is observed when the 


soil is frozen throughout the whole depth of root sytem 
distribution, Partial thawing of the soil during the spring- 
winter period in the daytime with subsequent freezing 

at night has had a negative effect on the wintering of 
plants, 

The most injurious effect for the wintering of plants 
was shown in the state when a part of root system was 
found in the frozen level for a long time, while another, 
lower part, was in the warm soil; in this case, sharp varia- 
tions of temperature take place in the upper frozen soil 
levels, while a stable above-zero temperature {is found in 
the lower levels, 
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The activity of plants is usually connected with 
such factors of the external environment as temperature, 
soil and air moisture, nutrients, length of day and night, 
composition of the light, etc, However, such a stable 
factor in nature as the earth's magnetic pole has not been 
considered up to this time. Apparently this came about 
because the activity of organisms was not connected with 
the magnetic condition of the substance. Meanwhile 
modern physics has established that all substances possess 
magnetic characteristics [1, 2], The magnetic charac- 
teristics of substances change in relation to temperature, 
direction of the external magnetic pole, orientation with 
respect to the direction of the pole, and others, A change 
in the magnetic characteristics of the substance leads to 
a change in the energy level of the chemical bonds, This 
can create other physical conditions of the interaction of 
substances which can lead to a change in the character 
of the metabolism. As a result of the chemical interac- 
tion of the substances, there develops an electric potent- 
ial or biocurrent. Having developed, the biocurrent itself 
will have an effect on the change in the magnetic charac- 
teristics of the substances, Thus, there is created a con- 
tinuous entity: the electromagnetic condition of the living 
system, The development of the biocurrent is a necessary 
result of the change in the magnetic characteristics of 
the substances, 

Substances reacting continuously among each other 
in the process of exchange in the organism under given 
conditions cause a definite electromagnetic condition, 
or, in other words, polarity of the individual organoids 
of the cell, the cells as a whole, tissues, organs and, in 
general, the entire organism, Consequently, one can 
assume that the magnetic characteristics of the substances 
are the bases of the polarity of the living material. Thus, 
polarity on one hand is a characteristic of living material 
capable of determining the metabolism of the organism 
and on the other hand polarity by itself is an expression 
of the specific character of the metabolism, 

We suggest that it is possible that the physical basis 
determining the continuous conversion of substances in 
the organism is noncompensating (asymmetrical) to the 
electromagnetic strength, or in other words is asymmetri- 
cal to the polarity, The observable gradual movement 
of protoplasm in cells is apparently a result of the 
polar asymmetry, 

The connection of the rate of the growth processes 
with the strengthening of the movement of plasma fs 
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shown in a monograph by Joeding [3]. It is interesting to 
note that the presence of oxygen shows a particular effect 
on the rate of movement of the plasma, It is well known 
that oxygen, as well as iron, is a paramagnetic, Thus, 
the great importance of oxygen for the processes of life 
possibly is determined primarily by its paramagnetic 
characteristics, On the strength of its paramagnetism, 
oxygen can show an effect on the electromagnetic con~- 
dition of the system while changing the assymetry of its 
polarity. 

American authors using a solution of heteroauxin 
(0.01-1 mg/liter) on cells of the epidermis of oat coleop- 
tiles observed an acceleration in the movement of the 
plasma which began immediately. An adequate inflow 
of oxygen is a necessary condition for such an effect, 
Acceleration was not observed for infiltrated cuttings of 
coleoptiles [4, 5, 6]. It follows from these investigations 
that the cause of the increase in the movement of proto- 
plasm is the simultaneous action of the oxygen and hetero- 
auxin, 

Polarity, being the total expression of the electro- 
magnetic condition of all of the interacting components 
of metabolism,will be changed both in relation to the 
inclusion of other substances in metabolism and to the 
change in the relationship of components acting in the 
system. 

Changes in the chemistry of metabolism in its 
qualitative and quantitative relations would lead to an 
increase or decrease in the asymmetry of polarity or to 
a change in the sign of the polarity. A change in the 
sign would lead to a change in the direction of the pro- 
cess of metabolism. Thus, the rate and character of 
the interaction of substances in the process of metabolism 
would be determined by the condition of polarity. De- 
pending on the conditions of polarity, there could be a 
strengthening of metabolism, an inhibition,or its com- 
plete disorganization, leading to disintegration and death 
of the individual organoids, cells, tissues, organs,or of 
the organism as a whole, Consequently, the chemical 
substances in changing polarity would show an effect on 
the rate and character of growth and also on the develop- 
ment of plants, 

From the ideas on the polarity of living material 
indicated above, one could assume that the magnetic 
pole of the earth shows a definite effect on the activity 
of plants, In order to explain this effect, we carried out 
appropriate investigations using the seeds of various plants 
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(wheat, com, cotton, beans, etc,), The experiments 
were as follows, 


The seeds were planted in a moist glass box, Filter 


paper, the end of which was placed in a container with 


tap water or distilled water, was spread on a special stand, 
This resulted in a constant and equal wetting of the paper. 
In placing the seeds on the filter paper, a portion of them 
was oriented with the embryo root towards the north mag- 


netic pole and the other portion towards the south, Ger- 
mination was carried out in the dark at a temperature of 
20-25°, 

It is necessary to note one of the very essential 
points which we introduced into the experiment, The 
new thing in the experiment was that the seeds were 
oriented relative to the earth’s magnetic poles in a dry 
condition, Swelling and germination of the seeds took 
place in conditions where the development of the in- 
temal polarity of the seed occured in one case with the 
action of the south magnetic pole on the embryo root 
and of the north magnetic pole in the other, In this 
case, it is assumed that the magnetic characteristics of 
the substances, and consequently the polarity,can be 
changed in relation to the orlentation relative to the 
direction of the external magnetic pole, Such an ex~- 
perimental arrangement guarantees the possibility of 
explaining the effect of the earth's magnetic pole on 
the rate of germination of seeds and the character of 
the following growth of the shoots, 

In the case where seeds taken for the experiment 
were previously soaked or had started to germinate and 
the embryo root was oriented towards the south or north 
magnetic poles, then the effect of the magnetic pole 
was sharply weakened or completely lost, Such a re- 
action of seeds to the effect of the magnetic pole {s 
explained apparently by the fact that from the moment 
of swelling, a sharp strengthening of the biochemical 
processes in the seeds begins, in accordance with which 


a specific polarity is established, In this case the earth's 


magnetic pole did not show a noticeable effect on the 
change in the process of germination or on the further 
growth of the shoots, 

Numerous repetitions of the experiments with dry 
seeds made it possible to establish the following picture 
of the effect of the earths magnetic pole on the ger- 


mination of seeds and on the further growth of the shoots, 


The germination of oriented seeds of com, variety 
Voronezhskaya 76 (experiments were repeated 50 times), 
made it possible to establish the fact that those seeds 


that were placed with the embryo root towards the earth's 


south magnetic pole sprouted one day earlier than seeds 
with the embryo root turned towards the north magnetic 


pole, The roots of shoots of these seeds grew in the direc- 
tion of the south magnetic pole and their growth was more 


intensive relative to the growth of shoots from seeds with 


the embryo root turned towards the earth's north magnetic 


pole, Not only were differences noted in the tempo of 


growth of the stem and roots, but also in the fact that the 














roots of shoots from seeds whose embryo roots were 
oriented towards the earth's north magnetic pole tumea 
and grew in the direction of the south magnetic pole. 
Thus, as a result of these investigations, a new effect was 
observed which must be called magnetotropism (Fig, 1). 
The earth*s magnetic pole also showed an effect on 
the germination of wheat (variety Krasnozernaya), The 


same phenomenon was observed as with corn seeds (Fig, 2), 


The effect of the earth's magnetic pole on the germina- 
tion of wheat seeds was also checked on another wheat 
variety, Moskovka, The experiments were repeated (30 
repetions) and they all gave the same picture, We pres- 
ent the results of one of the experiments for illustration 
(Table 1), 





Fig. 1. Corn shoots grown from seeds, the embryo roots of 
which were oriented differently with respect to the earth’s 
magnetic poles: a) towards the north; b) towards the south 
(Photo: A, V, Skinder), 





Fig, 2, Wheat shoots grown from seeds whose embryo 
roots were oriented differently with respect to the earth's 
magnetic poles (photo: A, V, Skinder): a) towards the 
north; b) towards the south, 





TABLE 1 The Effect of the Earths Magnetic Pole on 
the Germination of Wheat Seeds, Variety Moskovka, 
Average of 100 seeds in each variant; experiment carried 
out from March 19 to March 27, 1957 











Orientation of embryo root Average length, mm 
relative to the magnetic 

roots (sum of 
poles 

stems roots of one 

shoot) 
Towards North Pole 34,0 77.0 
Towards South Pole 59.0 195.0 








The data in Table 1 show that the earth’s magnetic 
pole has a significant effect on the growth of shoots in 
relation to the orientation of the seeds relative to the 
earth’s magnetic poles, Also, as in the experiments des- 
cribed above, the most energetic growth was shown by 
shoots from seeds whose embryo roots were oriented to- 


wards the earth's south magnetic pole. While strengthen- 
ing the growth of the root, the earth's magnetic pole also 


affected the growth of the stem, This, apparently, is ex- 
plained by the strengthening of metabolism in the root. 

We also studied the action of the magnetic pole on 
the germination of seeds and on the further growth of the 
shoots using a magnetic field made with artificial per- 
manent magnets, In order to carry out these investigations 
we constructed a special instrument (Fig. 3). 

The instrument was prepared from antimagnetic 
material, Two horseshoe magnets were positioned with 
opposite poles facing one another, These were placed on 
a stand made of organic glass, The distance between the 
poles of the magnets could be changed with the help of 
a special screw, Holders for germination of the seeds were 
prepared from organic glass, On the upper part of the 
holder small hollows were cut out so that seeds could be 
placed on them, The holders were placed between the 
poles of the magnets on a graduated scale, The distance 
between the embryo root of the seed and the poles of the 
magnets could be changed by means of moving the holders 
along the graduated scale, 

The seeds placed on the holders between the poles 
of the magnets did not come in contact with liquid mois- 
ture, The supply of moisture to the seeds was achieved 
by increased air humidity in the box in which the entire 
instrument was placed, Therefore, water was provided in 
the instrument, In ordertoincrease the evaporation surface 
in the container with water, several strips of filter paper 
were used, the ends of which were fastened to special 
braces, In this manner equal atmospheric moisture in the 
box was achieved, In order to place the instrument in a 
horizontal position on the stand on which the magnets 
were placed, a circular arrangement was used and the 
lower ends of the stands of the instrument were mounted 
in macrometric screws, For orientation of the instrument 
relative to the earth's magnetic poles,in the lower part 
there was a horizontal rod, the axis of which was located 
parallel to the line of the magnets, 
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Fig, 3, Instrument’ for studying the effect of 
a permanent magnetic field on the activity 
of plants (photo: A. V. Skinder) 

















Fig, 4, The effect of a permanent magnetic field on the 
germination of wheat seeds and on the further growth of 
shoots grown from seeds whose embryo roots were oriented 
differently with respect to the magnetic poles: a) towards 
the north poles b) towards the south pole, The effect of 
magnetotropism is visible (photo: A. V. Skinder), 


Experiments on the germination of seeds of various 
plants were carried out in an artificial magnetic field, 
For illustration of the effect of the magnetic field on the 
germination of seeds and the growth of the shoots, data 
obtained using seeds of wheat and corn are presented be~ 
low, Figure 4 shows that those wheat seeds that were 
placed in a magnetic field with the embryo root towards 
the south pole of the magnet began to germinate earlier 




















Fig, 5. Germination of corn seeds in a 
permanent magnetic field: a) embryo 
root was directed towards the north pole 
of the magnet; b) embryo root was direc- 
ted towards the south pole of the mag- 
net (photo: A. V, Skinder), 


than those seeds whose embryo roots were oriented to- 
wards the north pole of the magnet, In the case where 
the embryo root was turned towards the south pole, the 
roots and stems grew more intensively, whereupon the 
roots sharply turned from a vertical direction and grew 
towards the side of the south pole of the magnet, If the 
embryo root of the seed was turned towards the north 
pole of the magnet, then in our experiments we noted a 
sharp inhibition of growth of the root and a weakening of 
the growth of the stem, Similar data were obtained also 
on seeds of corn, variety Voronzhskaya 76 (Fig, 5), 


TABLE 2 The Change in Growth of Wheat, Variety 
Moskovka, on Germination of Seeds in a Constant Field 
of Artificial Magnets, Experiment carried out from 
March 7 to March 12, 1957 











Orientation of the embryo root; Average length, mm 
relative to the poles of the roots (sum of 
magnet stems | roots of one 
shoot) 
Towards the north pole 11.8 50.4 
Towards the south pole 55.0 140.4 








Results of one of the experiments on the effect of 
an artificial magnetic field on the growth processes of 
wheat are presented in Table 2 (25 repetitions), 


As the data in Table 2 show, the germination of 
wheat seeds in a constant magnetic field,in the case of 





orientation of the embryo root of dry seeds in the direc- 
tion of the south pole of the magnet, leads to a sharp 
strengthening of the growth of the stem and of the root 
of the shoots in comparison with the seeds whose embryo 
roots were directed towards the north pole of the magnet. 

Thus, experiments on the germination of seeds of 
different crops in a magnetic field constructed by perm- 
anent magnets support the same rules that we established 
on germination of seeds whose embryo roots were oriented 
in different ways with respect to the earth's magnetic 


poles, 


CONCLUSIONS 


1, It was established that the earth's magnetic 
pole shows a definite effect on the growth processes of 
plants. 

2. The effect of the earth’s magnetic pole, and 
equally the action of the poles of permanent magnets, 
on the activity of shoots is expressed most clearly when 
the seeds are oriented with the embryo root relative to 
the poles of the magnet while in a dry condition; in this 
case, swelling and further growth of the shoots take place 
in the magnetic field, 

3. The effect of magnetotropism was established 
as the oriented growth of the root in the direction of the 
earth’s south pole or the south pole of an artificial mag- 
net, 

It was shown that the effect of magnetotropism is 
accompanied by changes in the tempo of growth both of 
the root and of the stem, In the case of orientation of 
the embryo root towards the south magnetic pole, the 
growth of both the root and the stem is increased, With 
orientation in an opposite direction, the growth of the 
root and stem is weakened, 

We think that the established effect of magneto- 
tropism, which makes it possible to ascertain that polar- 
ity is a basic characteristic of living material, especially 
magnetic characteristics of a substance, appears to be 
a key for the study of such problems’as photosynthesis, 
the nature of heredity, the origin of malignant growth, 
the harmful action of ionizing radiation, the construction 
of a model of a living system, etc, 
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The foliar application on plants of solutions of 
nutrient salts is a promising agrotechnical method sup- 
plementing basic fertilizers and root applications, 

Many investigations about foliar nutrient applica- 
tions on various crops showed that the entrance of min- 
eral substances through the aerial organs of plants not 
only enriches their tissues with nutrient elements, but 
also in some manner regulates metabolism, the direction 
of physiological and biochemical processes, and, finally, 
has an effect on crop yields. Many authors have noted 
the positive action of foliar nutrient applications on the 
yields of field, vegetable, fruit and nut crops and grapes 
[1-5]. Together with this, there are numerous articles 
concerning the absence of an effect or even conceming 
a decrease in the yield under the influence of foliar 
nutrient applications [1], This is explained by the still 
inadequate study of foliar nutrient applications of even 
those crops that have been studied most in this connection, 

There are practically no experimental data on fol- 
{ar nutrient applications in black currant and this meas- 
ure {is still not used in practice. In connection with this, 
there arises a need to study the conditions, dates and 
composition of nutrient elements for foliar nutrient ap~ 
plications in black currant, and also the possibility of 
combining it with fungicide applications and the rela- 
tive effectiveness of root and foliar nutrient intake, 

Investigations on these questions were carried out 
in 1955-1957 at the I, V. Michurin Scientific-Research 
Institute of Horticulture, 


METHOD 


The study was carried out by establishing field, 
laboratory-field and laboratory experiments, 

The experiments on the study of the composition 
of nutrient elements for foliar application during the 
green fruit phase and during the phase of flower bud dif- 
ferentiation, and also on the study of the possibility of 
combining foliar nutrient applications in black currant 
with fungicide treatments were carried out on the experi- 
mental-production farm of the I, V. Michurin Scientific- 
Research Institute of Horticulture on plantings of black 
currant — variety Kent planted in 1948 and variety Vos'~ 
maya Devisona planted in 1950. The bushes were planted 
2.5 xX 1,25 meters, There were three, six and seven re- 
petitions and the number of study bushes in each variant 
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varied from 12 to 60, The bushes were first sorted ac- 
cording to yield and number of branches, Spraying of 

the plants was done twice with an "Avtomaks” back 
sprayer; the first spraying during the green fruit phase 
after flowering (end of May — beginning of June) and the 
second three to four weeks after the first (during the last 
ten days of June), Spraying was repeated during the phase 
of flower bud differentiation; the first spraying was done 
dufing the last half of August and the second during the 
last half of September, 

Fertilizers were applied: NgoPg9Kg) in the autumn 
in ditches and Ng in the spring with hoeing. 

The experiment on the study of the relative effect- 
iveness of root and foliar nutrient intake by black currant 
was carried out on the Saburov State Farm, Tambovsk 
region, on a normal production planting of varieties Liya 
plodorodnaya and Kent, both planted in 1950, The plots 
were 2,7X 1,25 meters, There were two repetitions and 
in each variant there were 80-100 study bushes of each 
variety, The experimental scheme is given in Table 2, 
The foliar applications were made with an OBP (Pomona) 
sprayer on June 9 and July 2, 1955 and on June 7 and 
July 1 in 1956, The rootapplications were made in one 
treatment simultaneously with the first spraying— 2/3 
of a dose of fertilizer was applied in a 10-12 cm deep 
ditch on both sides and 1/3 of a dose in strips near the 
bushes prior to hoeing,. 

The soil of the experimental plots was a rich 
leached chernozem, medium clay in mechanical com- 
position, The accumulation of humus in the A horizon 
was 3-5%, 

The conditions during the period of the experi-~ 
ments were characterized by fluctuating rainfall at the 
time of vegetation, 

Calculation for the experiments were done accord- 
ing to methods shown by the I, V. Michurin Scientific- 
Research Institute of Horticulture, 


The intensity of photosynthesis was determined by 
the assimilation bulb method [6]. Solutions of nutrient 
substances were placed on leaves of similar age of a 
like order of branching, The variants of foliar nutrient 
applications were laid out within the limits of one bush 
which made it possible to determine more accurately 
the effect of the foliar nutrient application on the in- 
tensity of photosynthesis, There were five repetitions, 
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For work with radioactive phosphorus, we made 
use of the methodological direction of Moscow Univers~- 
ity [7]. The concentration of radioactive phosphorus 
(P™) in the leaf specimens was determined on a B-2 
type stand with an AC~2 counter receiver, 

We used granulated superphosphate with marked 
phosphorus P™ as a radioactive fertilizer, The specific 
radioactivity of the fertilizer was usually 20-30 mCu, 

A solution of superphosphate was prepared in advance, 
We applied 0,15 ml of it with a micropipette on the 
upper or lower side of the leaf blade, After a certain 
length of time, the leaves were taken for radiometric 
analysis, The remains of the fertilizer that was applied 
was carefully washed from the surface of the leaves with 
a 2% solution of mono~-derivative sodium phosphate or 
potassium and water, Three or four discs with a diam- 
eter of 1.8 cm were cut from each leaf, Each four discs 
of the leaves were mounted with resin on a microscope 
slide, Three such slides were mounted on a special 
stand around a counter receiver, In this manner the 
radiometric analysis was made simultaneously for the 
12 discs of the leaves with a normal area of about 

30 cm’, 

The study of the toxicity of the fungicides used in 
conjunction with fertilizer solutions was carried out in 
general on the conidiae of a fungus of apple scab, Fusi- 
cladium dentriticum, 

When establishing the experiments, we considered 
that when the sizeof the actual toxicity was calculated, 
{t must be done in the presence of nothing except the 
fungus spores and the sprayed substance[8], The drops 
of water with the conidiae of the fungus were placed 
on microscope slides, they were dried, a suspension of 
the poison was added and they were placed for three 
to five days in Petri dishes, The bottom and cover of 
Petri dishes were previously covered with moistened 
filter paper. The paper was systematically moistened, 
There were three repetitions, Calculation of the sprout- 
ing and non-sprouting of the spores was made at a mag- 
nification of 400 x. 





RESULTS OF THE INVESTIGATIONS 


A number of investigators established that with foliar 
nutrient application, the intensity of the assimilation of 
fertilizers through the lower side of the leaf in comparison 
to assimilation through the upper side is several times 
higher, or lower, or practically the same [1, 2]. 

The results of the experiments carried out by us [9] 
on black currant plants, variety Kent, with a 3% (based 
on the fertilizer) solution of radioactive superphosphate 
showed that the absorption of phosphorus through the lower 
surface of the leaf blade takes place usually two to three 
times more intensively than through the upper surface. 
Also, the young leaves absorb practically a similar quantity 
of fertilizer through both sides of the leaf blade only at 
the beginning of vegetation; with an increase in the age 
of the leaves, the difference in the assimilation of phos- 









phorus through the upper and lower surfaces of the leaf 
sharply increases, The intensity of the assimilation of 
p™@ through the lower side of the leaf depends little on its 
aye, while at the same time the absorption of phosphorus 
through the upper surface of the leaf decreased with in» 
creased age of the leaf. Such a character for the assimi- 
lation of fertilizers into leaves is explained by the charac- 
teristics of the structure of the leaf blade. While young, 
the cuticle of the leaves either is completely absent or 

is very weakly developed and apparently both sides of the 
leaf are practically similar for the penetration of phos- 
phorus, For older black currant leaves, the lower side of 
the leaf blade is closed by a layer of cuticle that is rela~ 
tively thicker than that on the upper side, 


The data that were obtained make it possible to 
suppose that the intensity of the absorption of nutrient 
substances by leaves depends primarily on the thickness 
of the layer of cuticle, The role of the stoma in the 
process of absorption of nutient substances by the leaf is 
apparently less significant, In black currant, the stoma 
are present only on the lower surface of the leaf blade 
and their quantity, according to our calculations, on the 
average is 400-450 per mm” with variations from 200 up 
to 700, However, in spite of the presence of a large 
number of stoma on the lower surface of the leaf, the 
assimilation of phosphorus through the upper and lower 
sides of the young leaf was the same, 


It must be noted that in our experiments the nutri- 
ent substances on the lower side of the leaves was washed 
off significantly less by rain than that on the upper side, 
Besides this, the lower surface of the leaf blade, thanks 
to the presence of veins with pubescence, can retain a 
greater quantity of the fertilizers, Thus, in the experi- 
ment on August 28, 1956, when the solution of super~- 
phosphate was applied not with a micropipette, but with 
cotton wadding soaked in the solution, the activity of 
phosphorus retained under similar conditions of wetting 
on the lower surface of the leaf was 1351 impulses/min- 
ute, while on the upper side it was 878 impulses/minute, 
that is, only 2/3 as much, 


Thus, the effectiveness of the fertilizers with foliar 
application of black currant can be increased significantly 
if the nutrient solution would be placed on the lower side 
of the leaves, In connection with this, a need arises for 
carrying out foliar applications with a sprayer on a post or 
fire hose sprayer in order that the nutrient solution is ap- 
plied to the leaves not only from above, but also from be- 
low, 

There is some interest in explaining the effect of 
the acidity of the solution of the superphosphate on the 
intensity of the assimilation of phosphorus into the leaves 
of the black currant, It was explained that with an in- 
crease in the pH of the extract from 2,0 up to 7,5 the 
assimilation of phosphorus into the leaves decreased three 
to five times, This agrees with the data of F, F, Matskov 
and R, L, Farfel* obtained earlier on sugar beet [1]. 
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A large role in the absorption of fons of nutrient 
salts from the solution of fertilizers remaining on the sur- 
face of the leaf is played by dew or by artificial moisten- 
ing with water, The intensity of the assimilation of phos- 
phorus into the leaves after dew is significantly increased 
(1). 

The experiments that we carried out under field 
conditions showed that with a dew fall, 20-21% has al- 
ready been absorbed from the lower surface of the leaf 
of black currant after the first day, and up to 33% of the 
applied quantity of fertilizer after two days, Without dew, 
the assimilation of phosphorus into the leaf was approx~ 
imately half of the above and was 11 and 15% respectively. 
On October 25, 1956, an especially intensive absorption 
of phosphorus was observed— 44% of the applied P™ 
passed into the leaves in one day, Such an energetic 
assimilation of phosphorus into the tissues of the leaf {is 
explained only by favorable, or one can say, ideal, con- 
ditions existing at the time of the experiment, There was 
no dew; however, the moisture in the air was very high 
(average level, 98%),as a result of which the solution 
applied to the leaves did not dry out prior to the end of 
the experiment, 

Interesting results are given by a study of the as- 
similation of marked phosphorus into black currant plants 
with root and foliar nutrient applications, It appears that 
with foliar nutrient application, phosphorus is assimilated 
significantly more rapidly into all organs of the plant, ale 
though only 1/4 as much superphosphate is consumed as 
under root nutrient application, Even on the fourth day 
after spraying a significantly quantity of phosphorus was 
observed in the leaves, fruit and shoots, After this its 
concentration in the plant tissues increased, In using 
foliar nutrient applications without irrigation, the phos- 
phoric acid of superphosphate was used very little by 
black currant plants, The assimilation of P™ was sig- 
nificantly greater with the foliar applications with irriga- 





tion than without irrigation but only for the one-and-a- 
half to two months after the application. 

An inhibited assimilation of phosphorus after root 
nutrient applications to grape even when superphosphate 
was applied in ditches that were 22-27 cm deep was ob- 
served by Dyuzhev and Kolesnikova [10]. Filippov and 
Zhurbina [11],using foliar nutrient applications to cotton 
under nonirrigated conditions ,did not find marked phos- 
phorus in the leaves of plants where the assimilation of 
P,Os under foliar application was very intensive. 

One of the important physiological processes 
guaranteeing the formation of a harvest is the photosyn- 
thetic activity of the leaf apparatus, When comparing the 
available data on the affect of nutrient salts on the as- 
similation of carbon dioxide by the leaves, it is explained 
that in most cases the intensity of photosynthesis of plants 
with foliar application of nutrient elements increases one- 
and-a~half to two and even three times for such crops as 
sugar beet [1], grape [5], apple [2] and others, The in- 
creased intensity of photosynthesis as a result of foliar 
nutrient applications is maintained for 10-15 days and 
then it falls off [1, 2], With insufficient moisture in the 
soil, the application of nutrients to the leaves of plants 
during the daylight hours,in the experiments of S, S. 
Serbin, decreased the intensity of photosynthesis [1]. 

The results of our measurements of the intensity 
of photosynthesis after foliar nutrient applications showed 
that under favorable conditions of soil and atmospheric 

moisture, foliar applications using solutions of mineral 
salts increased the intensity of photosynthesis in black 
currant by 15-68%, During hot and dry weather and with 
insufficient moisture in the soil, foliar nutrient applica~- 
tion did not increase and even decreased the intensity of 
photosynthesis, 

The results of the study of the effect of foliar nutri- 
ent applications during the phase of green fruit on the 
yield of black currant are presented in Table 1, 























TABLE 1 Yield of Black Currant in Relation to the Composition of the Solution Used in Foliar 
Application During the Green Fruit Phase 
—_— 1956 | 1957 | Average of the 
Concentration of the solution j- poste waprinae tt eee three years 
and composition of the fer- =e oe eee 
ianeeade - --—--—--------- -| from one] centners/| % 
g Jo g Jo | 8 Jo bush, g | hectare . 

Control — water 893 | 100 | 1261} 100] 1683 | 100 1279 40.9 | 100 
1% potassium nitrate 968 | 109 | 1373} 109; 1933 | 115 1425 45.6 | 111 
3% superphosphate 951 | 107 | 1385) 110] 1940 | 115 1425 45.6 | 111 
0.5% ammophos 971 | 109 | 1400; 111) 1886 | 112 1419 45.4 | 111 
2% superphosphate + 0,25% 

ammonium nitrate 842 94 | 1378| 109; 1937 | 115 1386 44.4 | 108 
2% superphosphate + 

0.5% urea 1016 | 114 | 1459] 116| 2040 | 121 1505 48,2 | 118 
0.75% urea os - - —|1987 | 118 -” > = 
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Table 1 shows that two foliar nutrient applications 
to black currant in the phase of green fruit increased the 
yield, The increase in the yield was in proportion to a 
decrease in the falling of green fruit (6-9%) and an in- 
crease in the weight of the fruit (8-14%), Within the 
berries the concentration of sugars was increased 0,21- 
0.79% and that of dry substances 0,8-1.8%. The best 
results were obtained by spraying with a solution con- 
taining 2% superphosphate and 0.5% urea. Spraying with 
other solutions was less effective, The application of a 
solution of superphosphate and ammonium nitrate in 
1955 caused even somewhat of a decrease in the yield, 
which apparently came about as a result of buming of 
the leaves from the ammonium nitrate used at a higher 
concentration (0,5%) in the first spraying. Based on the 
1957 data, foliar application of a 0.75% solution of urea 
gave good results, 

The more effective action of spraying with a solu- 
tion of superphosphate with urea in comparison with the 
spraying with a solution of superphosphate with ammonium 
nitrate or ammo-~-phos shows that the urea in foliar applica- 
tions surpasses other ammonium forms of nitrogen ferti- 
lizers, Prior to this, Gunar and Kalinkevich [12], Kalin- 
kevich [13] and a number of foreign investigators (Blas- 
berg, Weber and others, see Matskov [1]) had also noticed 
this, 

Foliar nutrient applications for black currant in the 
phase of flower bud differentiation (August and Septem- 
ber) appeared to be only slightly effective, 

Data on the relative effectiveness of root and foliar 
applications are of interest (Table 2), 


TABLE 2 









With the goal of decreasing the expenditure on 
foliar applications ,when applied,and increasing its avail- 
ability in practice, it would be desirable to consider this 
method in correction with fungicide treatments, For this, 
one must have a clear idea of the character of the inter- 
action of fertilizers with the chemical poisons when mix- 
ing them in a solution and when applying them to the 
surface of leaves, 

There are investigations [1, 4a, 5] in which com- 
plex spraying of grape with Bordeaux mixture in a mix- 
ture with various fertilizers was carried out, but these 
did not make it possible to judge the interactions of the 
individual nutrient elements, in particular, the phos- 
phoric acid of superphosphate with this fungicide, Port- 
yanko [4a], with reference to his analyses but not quoting 
them, said that phosphoric acid and potassium chloride 
remained entirely in solution when the fertilizer solutions 
were mixed with Bordeaux mixture, Based on the data 
of Luzhetskif [14],when a 10% solution of superphosphate 
is mixed with a 2% Bordeaux mixture (ratio 1: 1; pH 
4.6), up to 60% of the water-soluble phosphoric acid 
went into the solution, With following neutralization of 
the solution with milk of lime, all of the phosphoric acid 
went into compounds insoluble in water, Phosphorus from 
the neutralized solutions practically did not enter into 
the grape leaves, Practically the same data were ob- 
tained in our experiments on black currant [9], 

A question arises as to which means should be used 
to increase the assimilation of phosphoric acid by the 
leaves of plants when superphosphate is mixed with Bor- 
deaux mixture, Along with this, we studied how phos- 


Relative Effect of Root and Foliar Applications on the Yield of Black 


Currant (average of 80-100 bushes, variety Liya plodorodnaya, Saburovo State 


Farm, Tambovsk region) 























| 
Variant Variant 1955 | 1956 
_ in g in%| ing| in% 
1 Basic fertilizer NggPg9Kg9 in the autumn 
+ Ngo in the spring 838 100 | 1379] 100 
2 Same as Variant 1, but 1/3 of the 
norm applied during green fruit 
phase as foliar applications | 942 112 | 1517; 110 
3 | Same as Variant 1+ foliar applica- 
tion during green fruit phase of | 
solution of 2% superphosphate + | 
| 0.5% urea 970 | 116 | 1556! 113 


As we can see from Table 2, the effect of root and 
foliar nutrient applications was practically the same. 
Similar results were obtained also with variety Kent, 

In order to keep plantings and the yield of black 
currant from infection by harmful fungi, the use of re- 
peated treatments of plantings with fungicides, usually 
Bordeaux mixture, is used in practice, 


phorus enters into the leaves in relation to the quantity 
of lime in the Bordeaux mixture, and also when super- 
phosphate is mixed with several other fungicides: Bur- 
gundy mixture and dinitrobenzene, Based on toxicity, 
Burgundy mixture {s similar to Bordeaux mixture from 
which it differs only in that NagCOs {s used instead of 
lime in its preparation, Dinitrobenzene (with copper 
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oxychloride) is a new preparation and is a good replace- 
ment for Bordeaux mixture in the battle against fungus 
diseases [15-17]. 

Simultaneously it was discovered with respect to 
a phosphorus — Bordeaux mixture used on the surface of 
leaves in separate applications, that the fungicide is 
assimilated first, and then the superphosphate solution 
(Table 3), 





that guaranteed a good assimilation of phosphorus into 
the leaves were included in the experiment, It was 
found that foliar application of superphosphate and urea 
in conjunction with treatment with dinitrobenzene, Bur- 
gundy mixture and Bordeaux mixture (in the latter case 
superphosphate was used {n a double quantity, 6%) in- 
creased the yield by 13,2-16,.6% , that is practically the 
same as with spraying with a water solution (15.6%), 


TABLE 3 The Assimilation of P®™ into the Leaves and the Concentration of Water Soluble 
Phosphorus in the Solutions for Foliar Application with Its Simultaneous and Separate Use 


with Fungicides (1957 experiment) 





Experimental variant 


3% water solution control mixture (Pc) 
3% Pe + 0.75% dinitrobenzene 

3% Pc + 1% Burgundy mixture 

6% Pc + 1% Bordeaux mixture (1: 2)* 
6% Pc + 1% Bordeaux mixture (1: 1.5) * 
3% Pc + 1% Bordeaux mixture (1: 2)* 
3% Pc + 1% Bordeaux mixture (1: 1.5) * 
1% Bordeaux mixture (1: 1.5)* + 3% Pc 

after 1.5 hours (separately) 











Quantity of P* 

inside the leaf | in the solution 

after one day after 11 days 

impuls s| r impulses “ 

minute : minute P 
240 100 2085 100 
243 101 1840 88 
191 80 1722 83 
237 99 1757 84 
365 150 2323 111 
25 10 | 150 7 
42 18 190 9 
130 54 2085 100 














* Figures indicate relationship of copper sulfate and lime (by weight). 


The data in Table 3 show that: 1) phosphorus 
enters into leaves most intensively from a water solu- 
tion of superphosphate and when mixed with a suspen- 
sion of dinitrobenzene; 2) when superphosphate is mixed 
with Burgundy mixture, only a weak combining of the 
phosphorus and its intensive assimilation into the leaves 
is observed; 3) when a 3% solution of superphosphate is 
added to a Bordeaux mixture, the assimilation of phos- 
phorus into the leaves drops sharply and especially so 
with an excess of lime, However, when the quantity 
of superphosphate is increased to 6%, the assimilation 


of phosphorus P®2 even from a Bordeaux mixture is sharply 
increased; 4) with separate spraying of the Bordeaux mix- 


ture and the superphosphate, a combining of the phos- 
phorus on the leaf surface and a decrease in its assimila- 
tion into the leaves takes place in the following days, 
although to a lesser degree than when mixed in one solu- 
tion; 5) the data presented on the assimilation of P® into 


the leaves are in agreement with the data on the concen- 


tration of water soluble phosphorus in the solutions that 
were applied, 

We also studied the yield of fruit and its forma- 
tion in relation to the combining of the foliar nutrient 
applications with the fungicide treatments, Variants 
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However, there is a danger in that the addition of 
fertilizers to the fungicides can decrease their toxicity, 
The results of investigations on this question are pre~ 
sented in Table 4, 

Table 4 shows that the toxicity of dinitrobenzene 
when superphosphate or superphosphate and urea is added 
is not decreased, At the same time the toxicity of Bor- 
deaux and Burgundy mixture when mixed with a solution 
of superphosphate is significantly decreased, 

Thus, a foliar application of superphosphate with 
urea to black currant must be carried by a water solution 
or in conjunction with a dinitrobenzene treatment,and 
with other substitutes for Bordeaux mixture that do not 
decrease in toxicity when mixed with these fertilizers, 
and,at the same time,do not form,with soluble nutrient 
salts compounds that are unsuitable for assimilation by 
plant leaves, 

Consequently, with treatment of the recommended 
combinations of foliar nutrient applications with the 
application of poisons to agricultural plants, it is neces~ 
sary to study first the character of the interaction of the 


mixed substances, This, apparently, can also be observed 
in the case of a mixture of foliar applications with herbi- § 


cide treatment. 
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TABLE 4 Toxicity of Fungicides when Combined with Fertilizer Solutions (1957 experiment) 














Number of counted spores Sprouting 
Composition of the solutions of Fusicladium dentriticum saeainee % 
Control — water 535 139 26 
3% superphosphate, water solution 348 89 26 
1% Bordeaux mixture 517 0 0 
1% Bordeaux mixture + 3% superphosphate + 0,5% 
urea 525 82 16 
1% Bordeaux mixture + 6% superphosphate + 0.5% 
urea 258 30 12 
1% Burgundy mixture 681 1 1 
1% Burgundy mixture + 3% superphosphate 395 63 16 
1% Burgundy mixture + 3% superphosphate + 0.5% 
urea 557 86 15 
0.75% dinitrobenzene 587 1 0.2 
0.75% dinitrobenzene + 3% superphosphate 680 0 0 
0.75% dinitrobenzene + 3% superphosphate + 0.5% 
urea 663 0 0 


With separate spraying of the black currant first 
with Bordeaux mixture and then with a solution of super- 
phosphate, the combining of phosphorus with the fungi- 
cide, and therefore also a decrease in the toxicity of the 
latter,is possible up to the time when the Bordeaux mix- 
ture in general is not washed from the surface of the plants 
by rain, Therefore, with separate application of these 
measures, foliar application of a water solution of super- 
phosphate is more efficiently carried out five to ten days 
prior to treatment with fungicides, Over this period of 
time, the greater part of the phosphorus can be assimi- 
lated by the plant organs,and, with a later spraying of 
Bordeaux mixture, the interaction of the applied sub- 
stances would be insignificant, 


CONCLUSIONS 


1, The effectiveness of the assimilation of fertilizers 
on foliar application to black currant is increased in the 
presence of dew and also on the application of the solutions 
to the lower surface of the leaves, because phosphorus passes 
through the lower side of completely formed leaves two to 
three times more intensively than through the upper side, 

The assimilation of phosphoric acid into the leaves 
is sharply decreased with neutralization of the solution of 
superphosphate, 

2, Foliar application of solutions of mineral salts 
under favorable conditions of soil and atmospheric mois- 
ture increases the intensity of photosynthesis in black cur- 
rant, However, during hot and dry weather and with in- 
adequate moisture in the soil, foliar application does not 
increase, and even decreases, the energy of photosynthesis, 

3, With foliar nutrient application during the phase 
of green fruit, the most effective is a double spraying of 
a solution containing 2% superphosphate and 0,5% urea, 











Such an application decreases the falling off of the young 
fruit, increases the weight of the fruit, improves its quality 
and increases the yield 18% as an average for the three 
years, Spraying with solutions of potassium nitrate (1%), 


superphosphate (3%), or ammo~phos (0.5%) iseffective, but 
to a lesser degree, 


4, Under nonirrigated conditions, foliar applica- 
tions in black currant have practically the same effect- 
iveness as the root applications, 

5, In combining foliar application of a solution of 
superphosphate and urea with a dinitrobenzene treatment, 
a combination of phosphorus in the solution does not take 
place, the phosphorus enters into the leaves with the same 
intensity as from a water solution, the yield of currants is 
increased, and the toxicity of dinitrobenzene is not de~ 
creased, When superphosphate and urea are combined 
with Burgundy mixture, a weak combining of the phos- 
phorus, its intensive assimilation into the leaves, and an 
increase in the fruit yield are noted; however, the toxi- 
city of the fungicide decreases, When a 3% solution of 
superphosphate is added to Bordeaux mixture, the phos- 
phorus is strongly combined and moves very weakly into 
the leaves; with an increase in the quantity of superphos- 
phate to 6%, the absorption of phosphorus by the leaves is 
strengthened and the yield of black currant is increased; 
however, the toxicity of the Bordeaux mixture is decreased, 

6, The significant increases in the yield and the 
corresponding improvement in the quality of production 
makes it possible to recommend foliar nutrient applica- 
tion for broad use in the normal program of agricultural 
methods used in black currant plantings, 

In conclusion, my thanks to Scientific Director 
A, A, Novikov;also to P, K, Ursulenko for consultations 
in completing the present work, 
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THE DISTRIBUTION OF HETEROAUXIN IN THE STEMS 





AND ROOTS OF PLANTS DURING GEOTROPIC BENDING 


P. A. Genkel' 


K, A. Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 
Translated from Fiziologiya Rastenii Vol, 7, No, 2, pp. 207-213, March-April, 1960 


In his posthumous work published in the second vol- 
ume of "Selected Works,” N. G, Kholodnyi criticized 
fairly sharply our ideas on the role of auxins in the geo- 
tropic actions of plants, calling them a fantastic hypothe- 
sis [1]. 


In spite of the fact that N, G. Kholodnyi's note ap- 
peared in 1956, we have not answered in print because 
we considered it necessary to answer not only with words, 
but also with new factual data supporting our ideas with 
respect to this question, We now have such data and we 
are presenting them in this article, First of all we would 
like to stress that in the textbook, “Botany” [2], we did 
not deny the role of hormones but only considered that 
hormones do not have a primary role in affecting growth; 
rather, a secondary function, In fact, N, G, Kholodnyi 
himself said that growth without hormones is possible, 
Along this line he wrote the following: “Growth hormones 
— Genkel* writes further— are derivatives of the activity 
of the organism and play a secondary rather than a pri- 
mary role in the growth processes of plants." Both of. 
these ideas are absolutely correct, but it is not necessary 
for the author to break down an open door, In my book, 
"Phytohormones” [3], he could easily find evidence sup- 
porting these positions, In particular, it was shown that 
the theory of F, V. Went,that growth without growth hor- 
mones is impossible, must be considered as without founda- 
tion [1, p. 388], 


Thus, considering this basic position of our view 
versus that of N, G, Kholodnyi, there are no divergences 
and, therefore, I scarcely deserve the “state of hormone 
war" presented to me by N, G, Kholodnyi, In our text 
[2], we attempted to explain geotropism in the higher 
plants on the basis of data in the literature on the non- 
uniform distribution of protoplasm inlower plants under 
phototropism (mucroracean fungi, A. G. Genkel' [4)). 

N. G. Kholodnyi suggested [1] that A, G, Genkel’ bor- 
rowed his ideas from the work of Nemec on geotropism 
and expanded it to phototropism, This is not correct be~ 
cause the method used by A, G, Genkel’ was completely 
different from that used by Nemec and later by George- 
vitsch [6], A. G, Genkel’ worked with living organ‘sms 
and observed a nonuniform distribution of protoplasm in 
the sporangia of Phycomyces nitens, Nemec [5] and 
then Georgevitsch [6] used the cytological method, fixed 
the root tips and observed a polar distribution of cyto- 
plasm, N. G. Kholodnyi in his earlier work [7] analyzed 





the experiments of Nemec and Georgevitsch more ob- 
jectively. 

N. G, Kholodnyi also established that an accumula- 
tion of protoplasm in the cells of the covering on the 
morphologically lower side of roots subjected to geo~ 
tropic influences takes place. Summing up, N, G. 
Kholodnyi considers that the polarity established by Nemec 
and Georgevitsch is not a polarity of geotropic activity, 
but a polarity of geotropic dormancy, Further he thought 
it would interesting to carry out investigations in this di- 
rection, 

In relation to the observations on living organisms, 
N. G, Kholodnyi thought that the mucroracean fungus 
Phycomyces nitens, with which A, G, Genkel’ carried out 
his investigations on phototropism in 1911, could serve as 
the most appropriate object, Not knqwing about this work, 
N. G. Kholodnyi wrote the following: “Concerning observa- 
tions in vivo, it is very probable that an appropriate ob- 
ject for such investigations would be one~called organs 
possessing a geotropic bending ability, for example the 
sporangia of Phycomyces nitens. Such an investigation 
was planned by me but the absence of good material pre- 
vented its accomplishment for the present time." (page 
131), 

From the above, it follows that N. G. Kholodnyi in 
his earlier works looked with a more general point of view 
on the effect of geotropism and not always so sharply and 
negatively about works giving another answer to the prob- 
lem, We cannot agree with the idea of Kholodnyi [1] on 
the fact that our hypothesis comes as a result of “incorrect 
old observations and are not supported by the data of 
modern science" (page 389), because the works of A, G, 
Genkel’ were carried out on a living object where arti- 
facts were absent and also in the zone of the sporangium 
where the bending takes place, To this one must add 
that the results of the experimental work of A. G, Genkel’ 
have not been verified by N. G, Kholodnyi and, there- 
fore, such a sharp judgement of the old works is scarcely 
correct, 

The experiments from which we proceeded actu- 
ally were made long ago, but from this one still cannot 
reach any conclusions about their correctness because 
many facts developed previously by science are com- 
pletely correct, although sometimes receiving a differ- 
ent explanation in view of the advance of science, 

We return to our criticism of the Went-Kholodnyi 
theory on geotropic bending. In our text we speak of 
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this question as follows: "In understanding geotropism, 
the Kholodnyi-Went hypothesis, explaining in the fol- 
lowing manner the nonuniform growth of the stem and 
root, has been accepted up to the present time, The 
authors of this theory consider that nonuniformly dis- 
tributed auxin causes a different reaction in the stem 
and root. According to their idea, the root is very re- 
sponsive to a high concentration of auxin and that its 
concentration which accelerates the growth of the stem 
retards the growth of the root, Therefore the lower sur- 
face of the root where most of the auxin is accumulated 
grows more slowly and the root bends downward, and 
the stem on the other hand grows faster and it therefore 
bends upward, Such {s the interesting but not very per- 
suasive Went-Kholodnyi hypothesis used until recently 
with general acceptance, It can, however, be used in 

a somewhat different form. Obviously in the process of 
evolution only those varieties are maintained for which 
a different distribution of the protoplasm in the stem 
and in the root took place under the effect of gravity. 
The character of this distribution for various plants was, 
undoubtedly, different, For most plants under the effect 
of gravity, the plasma is accumulated in the stems on 
the lower surface of the cells and on the upper surface 
for the roots..., Under vertical growth the protoplasm 

is distributed uniformly in the cell,” (page 270). 

In our text “Plant Physiology with the Foundations 
of Microbiology* [8] we speak of this question more 
definitively, resting our case on some experimental 
material, 

“For most plants under the effect of gravity 
the plasma in the stems accumulates in large quantity 
on the lower surface of the cells and on the upper sur- 
face of the roots. With this it immediately becomes 
clear that for both organs the growth proceeds more in- 
tensively where there is the greatest accumulation of 
protoplasm, and metabolism, too, proceeds most in- 
tensively, With vertical growth the protoplasm is dis- 
tributed uniformly in the cell..,, In using the indicated 
explanation, the following facts are suggested: If plas- 
molysis is caused by a sucrose solution on a cross sec~ 
tion of the stem at the place of bending in all of the 
cells, plasmolysis will be oriented in a definite man- 
ner, that is, the plasma will move to that cell wall 
where the greatest growth is taking place, Such an 


orientation is not observed in straight-growing stems, 
Besides this, the histochemical reaction on peroxidase is 


stronger from the side of the most intensive growth with 
bending.” (page 395), 

The Kholodnyi-Went hypothesis was established 
from 1924 to 1928 in a number of successively published 
articles [9-14] and undoubtedly played a very positive 
role in the generalization of a great deal of factual ma- 
terial accumulated by science up to this time. However, 
after this the hypothesis was maintained during the ad- 
vance of science in this area of investigation by default, 
because all who contradicted it were declared incom- 
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petent and practically nobody undertook a check to ana- 
lyze theoretically and experimentally the experiments 
that were at its root, In fact, the experiments on which 
the Kholodnyi-Went hypothesis was based did not use 
direct but rather secondary characteristics and they were 
uncritically accepted as direct indicators of the stimu- 
lating action of the auxin in the stem and the inhibiting 
action in the root, 

Somewhat below, we will again return to a review 
of N, G. Kholodnyt's experiments used as a basis for the 
hypothesis that he put forth, We will turn in somewhat 
more detail to the experiments that were carried out. 
The experiments were set up by us over a period of a 
number of years with shoots of pea, bean, corn, sunflower 
and squash, We established the greatest number of the 
experiments in 1958-1959,* The seeds of the experi- 
mental plants were germinated and then placed in tall 
crystal lysators in which a wet box was placed, Part of 
the germinated seeds were oriented in the correct posi- 
tion and the remainder were turned 180° in order to cause 
a corresponding geotropic bending of the root or stem, 
Using a hand razor sections were made which were plas- 
molyzed in a molar solution of sucrose, One can see in 
the attached figures that the same picture is observed for 
both the root and the stem, Under normal growth, the 
plasmolysis is nonoriented but with bending it is oriented, 
In other words, in the first case the connection of proto- 
plasm with the cell wall (a negative place of plasmolysis) 
is oriented by 85-90% towards that side where the most 
intensive growth is taking place, In the second case, 
with normal growth, the places of negative plasmolysis 
appear to be distributed in a nonorfented manner, that 
is, in the most variable directions. The above is 
very well supported by the picture of plasmolyzed cells 
of the stem and root of pea (Fig. 2). 

Thus, with bending to one side, a characteristic 
polarity of the plasmolysis is observed which is absent 
under uniform growth, According to Ellengorn's data 
[15], the negative places of plasmolysis are characterized 
by a whole series of characteristics, of which the most 
essential is the great hydrophilic nature of colloids of the 
protoplasm and correspondingly its strong connection with 
the cell wall, which can be very essential in growth and 
elongation of the plant integuments in this place, Besides 
this, the more intensive oxidizing processes taking place 
here also contribute to this, 

The experiments which we carried out on plas- 
molysis undoubtedly support the well known orientation 
of the protoplasm under one-sided growth and support 
our postulate on the nonuniform distribution of the pro- 
toplasm in this case, 

In addition to the experiments with plasmolysis, 
we also carried out observations on the distribution of 
heteroauxin in the stem and root of a number of plants 


* Laboratory workers N, D, Pronina and L, V, Bakanova 
took part in the work, for which we extend our thanks, 
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Fig, 2, Cells of the roots (A) and stems (B) of pea plasmolyzed 





with a solution of sucrose, A: a)'Under normal growth of the roots 
(nonoriented plasmolysis); b) with bending of the root (oriented 
plasmolysis); B: a)With normal growth of the stem; b) with bend- 


ing of the stem, 








TABLE 
Age of shoots | Concentration | Time held in the 
Plants (days) of HySO, (%) thermostat (min- 
utes) 
Russian beans a hd s Z 
Root 7 25 20 
see 2 Stem 9-10 25 20 
Root 5-6 50 20 
emanated Stem 8-9 25 20-25 
Root 9 50 15 
nam Stem 12 50 15 
Root 5 25 15 
aa Stem 1-8 50 20 











Note: The concentration of ammonium ferric alum = 0.5%. 


under geotropic bending and under normal growth, For 


for different lengths of time, In the Table below the 


this purpose we used the microchemical method of A. N, concentration of acid and the length of time of holding 


Boyarkin, to whom we extend our deep thanks, The re~ 
action on heteroauxin proposed by A. N. Boyarkin con- 
sists of the following: a solution of ammonium ferric 

alum is prepared with a concentration of 0.5% and sul- 
furic acid with a concentration of 25 or 50% by volume 


for the different objects are given, In the presence of 
heteroauxin, there is a rose-violet coloring. The inten- 
sity of coloring and its color may vary somewhat for the 
different objects, 

We observed the same picture for all of the five 


and the sections are treated; then the preparation is kept objects that we studied, a one-sided polar distribution 


in a thermostat for 15-20 minutes, For the various ob- 
jects, different concentrations of the acid are used and 


they are kept in the thermostat at a temperature, of 40-50° 


of the heteroauxin in the case of bending and a uniform 
distribution in the case of normal orthotropic growth, 
It is especially important to notice that both for the 
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stems and for the root a similar picture was observed; 
a greater accumulation of heteroauxin on the side where 
maximum growth takes place, Unfortunately, we are 
not able to present all of the pictures we have, but on 
those that are given, the oriented distribution of hetero- 
auxin with bending and the uniform distribution with 
normal vertical growth is clearly visible (Fig. 1). 


We consider that the experimental facts presented 
show that our ideas on the polar distribution of proto- 
plasm under geotropic bending support experimentally 
the concept put forth by us, which, in a somewhat 
different manner, was formulated by Nemec, A, G. 
Genkel’ and supported by Georgevitsch at the beginning 
of the century, According to the ideas we developed, 
all metabolism takes place more intensively on the 
faster growing side in the place of bending where non- 
uniform growth takes place, There, where more rapid 
growth takes place, a closer connection of the proto- 
plasm with the cell wall is found, stronger metabolism 
is observed, and one of the most important factors, 
heteroauxin, is accumulated in large quantities, 


In both editions of the text, "Botany" [2], and also 
in the text “Plant Physiology” [8], we did not deny the 
role of auxins in affecting growth and tropisms, but only 
noted that one cannot consider them basic regulators of 
the growth processes, N. G, Kholodnyi reproached us for 
saying that in the presence of a material carrier (auxins) 
one cannot speak of vitalist ideas on the role of auxin as 
a growth regulator, We do not agree with this in princi- 
ple. Actually, vitalists thought and still think that all 
activity is connected with a material substrate, proto- 
plasm, but attribute to this substrate such characteristics 
as primordial matter and a number of other qualities, 

In attributing the capacity for various regulations to 
auxin, we scarcely approach the true materialistic per- 
ception of rules of life. 


In this we did not reproach and do not reproach 
N. G. Kholodnyi himself, who approached the material- 
ists in his theory, although somewhat one~sidely in the 
resolution of the nature of the geotropic effect, The 
idea of different reactions of the root and stem to the 
concentration of auxin was in a very vulnerable place 
in theory. As is seen, this idea is not corroborated by 
an experimental check of the distribution of auxin, 
One could take exception to us by saying that Kholo- 
dnyi and Went were speaking of auxins and not of 
heteroauxin, However, we do not consider this argu- 
ment persuasive because auxin A had not yet been 
found in plants and auxin B, although found in plant 
material, had not been found in the living plant, More- 
over, at the present time, of the compounds isolated 
in his time by Kegle, none are available in the form 
of preparation and one cannot work with them, N. G, 
Kholodnyi did not determine immediately the distri- 
bution of auxins in the stem and root and, therefore, his 
hypothesis, while playing a big role in the development 













































of our ideas of the growth processes, in light of what has 
been presented,must be abandoned, 

It must be noted that in forming his theory N. G. 
Kholodnyi proceeded from experiments not completely 
faultless in methodological respects, He cut off the tips 
fo roots of com or lupine and joined cut coleoptiles of 
corn to them, He was led to do this because the cut tips 
of the root, which consist of delicate meristematic tissue, 
die very rapidly, With similar setting up of the experi- 
ment, N, D. Kholodnyi caused geotropic bending of the 
root and at the same time he observed a slowing of the 
growth of the decapitated roots of corn with the attached 
coleoptiles in comparison with the decapitated roots, 
From a number of experiments by N. G. Kholodnyi, it 
follows that the production of auxin by the coleoptile 
is significantly higher than the quantity of auxin pro- 
duced by the tip of the root. It is absolutely clear that 
the large production of auxin produced by the coleoptile 
actually shows an inhibiting effect on growth of the roots 
of corn and lupine, Here, there obviously appears to be 
an inhibiting action of a high concentration, as is well 
known in biology. However, from these experiments one 
cannot come to the conclusion that under normal condi- 
tions, that is with a normal unimpaired plant, auxin in- 
hibits the growth of the root, Whether or not N, G, 
Kholodnyi wished this, the conclusion reached by him 
was not based sufficiently on fact. 


From what has been said, it can be seen that the 
hypothesis developed by N. G, Kholodnyi was not suffici- 
ently experimentally based on direct experiments and 
was based instead only on secondary data, which,as we 
will see, are not free from objections, 


At the end of his article, N. G. Kholodnyi [1] said 
that he would not consider the motives that obliged me 
to stand, using his expression, “on this prejudged and 
incorrect path” (page 389), and expresses his regret on 
this conclusion, To this we could answer that in analyz- 
ing the theory of N, G, Kholoednyi, we theoretically came 
to the conclusion that it was unfit, and we found from 
our point of view a well-known answer in old works which 
we also attempted to extend using a somewhat different 
method, The facts established by us contradict the theory 
of N, G. Kholodnyi and suggest the more correct approach 
of several old investigators, whose results N, G, Kholodnyi 
hurried to declare unfit, incorrectly using his own large’ 
and well deserved authority. On the basis of the experi- 
mental material that we presented above, we come to the 
following basic conclusions, 


CONCLUSIONS 


1, With geotropic bending a nonuniform (polar) 
orientation of tle protoplasm takes place,- Its connection 
with the cell wall is strong on the side where the greatest 
growth takes place, With uniform growth (without bend- 
ing) a similar effect is not observed, 





2, The distribution of heteroauxin {s also polar 
with bending, On the side on which the most intensive 
growth takes place, the largest quantity of heteroauxin {fs 
accumulated, 

3, The distribution of heteroauxin in the stem and 
roots is similar, that is, the heteroauxin {s greatest where 
the most intensive growth takes place, 


4, With normal growth (without bending) the hetero- 


auxin is distributed uniformly both in the stem and in the 
root, 

5. All of the above facts suggest that nonuniform 
growth of an organ {s connected with the more intensive 
metabolism on the side where it takes place with the 
greatest intensity. 

6, The facts that have been presented contradict 
the Kholodnyi-Went theory, which in the form presented 
by the authors must be rejected as not corresponding to 
the available experimental material. 
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N. S. Sudnik 


V. I. Lenin Byelorussian State University, Minsk 


Translated from Fiziologiya Rastenii Vol, 7, No, 2, pp. 214-216, March-April, 1960 


Original article submitted July 7, 1958 


The study of changes in leaf structure and photo- 
synthetic apparatus during ontogeny of a number of plants 
is of great interest because these changes are closely re- 
lated to the process of the accumulation of pigments and 
to the synthesis of organic substances, 

A review of the literature on the study of the chloro- 
phyll apparatus of the leaf and the accumulation of pig- 
ments during the ontogeny of many plants in relation to 
the external conditions is presented in a monograph by 
E.R. Hubbenet [1], It was also shown by Surazh and Pick 
[2, 3] that the leaf during an increase or decrease in the 
intensity of light reacts sharply with changes in its ana- 
tomical structure, 

Numerous investigators have shown [4-8] that the 
chloroplasts of various plants are related by size and form; 
other investigators [9-12] established that the chlorophyll 
apparatus possesses a plasticity and ability to adapt itself 
to various light conditions, 

The question of the dynamics of the changes in the 
structure of the photosynthesizing apparatus and the ac- 
cumulation of pigments in relation to light for fruit plants 
during their ontogeny has theoretical and practical im- 
portance, but it has not been studied sufficiently. In 
connection with this an investigation was undertaken by 
us on the effect of various light conditions on the dyna- 
mics of the changes in the structure of the leaf and chloro- 
phyll apparatus and also on the accumulation of pigments 
in young cherry seedlings, variety Denisena zheltaya, 

Complete homogeneity was supplied in the investi- 
gation of the seedlings for all environmental factors ex- 
cepting light, a decrease in the intensity of which was 
carried out by artificial shading of the plants of 30 and 
50% and for which unshaded plants served as the control, 
The light was measured with a light meter and the de- 
gree of shading figured as a percentage relative to full 
daylight, which was taken as 100%. 

The experiment was established on a homogeneous, 
carefully treated and fertilized plot. The plants were 
randomized into plots in the spring with two repetitions 
and sepatated with 20 cm between rows and 20 cm be- 
tween plants in the rows, Samples were taken every ten 
days from alternate leaves on ten plants, The samples 
consisted of discs taken with a corkscrew type drill, The 
discs for the anatomical investigations were cut from 





the left side of the middle part of the leaf, Portions for 
determination of the quantity of pigments consisted of 
discs taken from the-right side of the leaf, 

The study of the anatomical changes in the leaf 
were carried out on sections by means of measurement 
of the thickness of the leaf, thickness of the mesophyll 
and dimension of the mesophyll elements, The deter- 
mination of the average quantity of chloroplasts in the 
cell and all of their measurements were carried out on 
sections obtained in vivo at a magnification of 1350x. 

Data on the dimensions of the morphological ele~- 
ments show that on August 29 the height of the weakly 
shaded plants was 106.1% and of the strongly shaded plants 
93.8% of the height of the control plants; the leaf area 
under weak shading was 107.7% and under strong shading 
94.9% of the leaf area in full sunlight. 

The number of leaves under strong shading was almost 
14 times lower than that for the weak shading variant 
and less than that for control plants, The stem of plants 
under strong shading were somewhat thinner and had 
longer internodes, 

Detailed numerical material characterizing the 
changes in the anatomical elements of the assimilation 
tissue in relation to light is not presented here because 
of the limited length of the article, It is only necessary 
to note that in spite of the presence of a similar mech- 
anism for plants under different light conditions, several 
differences were observed between them, Thus, on the 
hundredth day of vegetation (August 29) for plants under 
weak shading the thickness of the leaf was 92%, the 
thickness of the mesophyll 91.4% and the height of the 
cells of the columnar parenchyma 96,5% relative to the 
same anatomical indicators for control plants, while for 
strong shading the leaf thickness was 69.7% and the 
height of the columnar cells was 71.0%, The relation 
of the height of the upper columnar cells to the diameter 
under full light and 70% light was significantly greater 
than under strong shading. 

The data that we obtained show that different light 
conditions noticeably affect the anatomical structure of 
the leaf of one-year-old seedlings, Better development 
of the assimilation tissue (height of the columnar cells, 
thickness of the mesophyll, and thickness of the leaf) is 
characteristic of the leaves of plants under full daylight; 
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these same indicators for plants grown under weak shading 
differ very little from those under full light. Under strong 
shading, there is a significant decrease in these same ele- 
ments of the assimilation tissue, particularly in the weak 
development of the columnar parenchyma, The number 
and the dimensions of the chloroplasts also are increased 
during ontogeny, being differentiated especially by the 
great activeness during the first month of growth for the 
plants in light and shade, 
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Dynamics of the accumulation of chlorophyll per 

unit of leaf area for one-year-old cherry seedlings 
in relation to the degree of light, 1) Full light; 2) 

710% of full light; 3) 50% of full light. 


The different degrees of lighting also affected the 
changes in the plastid apparatus differently; on the hun- 
dredth day of vegetation the number of chloroplasts in 
the cells of the columnar parenchyma of the control 
plants was greater by 11.4% than for the weak shading 
and significantly more, 25.7%, for the strong shading, 
The number of chloroplasts observed in the cells of the 
spongy parenchyma in cell light variants was about 4 that 
in the columnar parenchyma of the same leaf, The 
chloroplasts of the cells of the columnar parenchyma 
are differentiated by somewhat greater dimensions and 
their dimensions decrease relative to the strength of the 
light up to full daylight, 


As a result we explained the direct relationship 
between light and the number of chloroplasts in the cells 
of the assimilation tissue of cherry leaves, Under full 
daylight, the number of chloroplasts in the cells is greater 
than under weak shading and significantly greater than 
under strong shading. An opposite relationship was ob- 
served between light and the dimensions of the chloro- 
plasts: leaves of plants under strong shading were charac- 
terized by the large dimensions of the chloroplasts, but 
with weak shading and even to a greater degree with full 
daylight, their dimensions are decreased, 

The changes in the anatomical elements of the 
assimilation tissue of the leaf and the chlorophyll ap- 
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paratus under the effect of different degrees of light dur- 
ing the ontogeny of cherry were accompanied in our ex- 
periment by changes in the concentration of pigments 
[13] because these changes of the assimilation tissue and 
plastid apparatus are in close relationship to the accu- 
mulation of pigment in the process of the growth of the 
leaf, 

During the period of maximum accumulation of 
chlorophyll (August 20), its quantity per unit of leaf area 
for plants under full lighting was greater than under weak 
and strong shading (See Fig.), With calculations based 
on the entire leaf area of a single plant, the quantity of 
chlorophyll under full lighting was 52 mg, with 70% 
lighting it was 51 mg and with half lighting it was 26 mg, 
that is, with strong shading it was cut in half, 

Based on our data, the dynamics of the accumula- 
tion of chlorophyll for one-year-old cherry seedlings are 
characterized in a graphical presentation by a curve 
whose maximum is at the end of August, coinciding with 
the best development of all elements of assimilation 
tissue of the leaf and of the chlorophyll apparatus, and 
also with establishment of the vegetative buds for the 
next year, During this period of activity of the organism, 
all metabolic processes increase, including the formation 
of pigments. 

From the data that we obtained, one can conclude 
that weak shading (up to 30%) does not show a harmful 
effect on the growth and development of cherry seedlings; 
on the other hand, based on observation of several in- 
dicators (the height of the plants, the number of leaves 
on the plants, the leaf area, the dimensions of the ana- 
tomical elements of the leaf), it hasa favorable effect, 
Consequently, one can see that young cherry seedlings 
possess some tolerance and it is possible to regulate light 
conditions, 
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It is known that during the period of individual de- 
velopment, the resistance of the plant to unfavorable ex- 
termal conditions is changed gradually. During the differ- 
ent stages of ontogeny, the plant is subjected to different 
adaptive reactions, the primary significance of which is to 
provide for the normal accomplishment of the cycle of on- 
togeny,and, consequently, for normal regeneration. 

The development of means of increasing the res- 
sistance of agricultural plants to drought must begin with 
the study of the character and "norm" of the reaction of 
plants to drought during ontogeny, This must serve as a 
basis for the development of corresponding agricultural 
techniques and irrigation conditions, 

The increase in the drought resistance of corn has 
real significance because the basic regions of its cultiva- 
tion for grain and for the production of hybrid seeds 
(Ukraine, NorthCaucasus, Moldavia) are characterized 
more or less by extended dry periods during the vegeta- 
tion season, 

The effect of drought during the ontogeny of corn, 
as shown by investigations carried out during 1956-1958, 
are presented quickly in the following manner, 

With insufficient soil moisture (about 30-35% of 
moisture capacity) during the planting and early growth 
period, the growth of the shoots is retarded, the consump- 
tion of dry substance in respiration is increased and the 
young shoots are usually unequal in size-and are not filled 
out, As a result of breakage and uneven development of 
plants, the yields of vegetative mass and grain is decreased, 
although the productivity of the plants can be high, 

Moderate drought during the period from sprouting 
up to brush formation or strong drought during the period 
from sprouting up to the phase of seven or eight leaves 
causes a decrease in the yield of vegetative mass but 
does not decrease, or even increases somewhat, the yield 
of grain if there are conditions of sufficient moisture 
supply to the plants after this (Table 1), 

In this respect corn is noticeably different from 
summer wheat, for which even a very early drought leads 
to a decrease in the grain yield [1, 2]. At the same time 
based on the character of their morphogenesis, these plants 
are fairly close: the light stage of development begins 
early and the differentiation of the growth cone takes 
place during the phase of six to seven leaves for com and 
three to four leaves for wheat [3]. 

The different effect of early drought on the yield 
of grain of wheat and corn is connected with the different 
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Fig, 1. The effect of drought.on the mor- 
phogenesis of corn ears, The second from 
the uppermost ear under drought (left) and 
with adequate moisture (right), The ear on 
the left is in the fifth stage of organogene- 
sis (according to M, F, Kuperman); the ear 
on the right is in the seventh stage of organo- 
genesis; the plants are in the phase of ten 
leaves, 


reaction of these plants to drought. For wheat under 
drought conditions, the growth processes are retarded but 
the differentiation of the embryonic spike is not stopped 
and a smaller number of grains is formed in the spike. 
The processes and growth and differentiation of the em- 
bryonic ears for corn under inadequate moisture condi- 
tions are also retarded (Fig. 1), but this retardation is 
usually reversible and therefore with improvement in the 
moisture conditions, the ears are completely normal, Be- 
sides this, as a result of better use of water, plants under- 
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going early drought have increased productivity of photo- 
synthesis and often form more ears with grain (Tables 1 
and 2), 

The different reaction of wheat and corn to early 
drought can apparently be explained by the fact that 
summer wheat is a relatively rapidly ripening plant, the 
productivity of which depends basically on the reserves 
in the soil of winter moisture and spring rains, and such 
plants accelerate their development under unfavorable 
conditions; corn is a late ripening plant, the productivity 
of which to a significant degree depends on summer rains 
and such plants, under unfavorable conditions during the 
beginning of vegetation,retard their development some- 
what but accelerate it at the end of vegetation (Table 3), 


thesizing activity of the plants and with a deterioration 
of the fruiting conditions which causes the incomplete 
formation of grain in the spike, 

Corn plants are usually especially sensitive to in- 
adequate soil moisture in the case where they grow under 
inadequate moisture conditions until spike formation and 
are formed as a mesophyte, and then up to the end of 
vegetation experience drought (see Table 1, variant 4 in 
the 1956 experiment and variant 3 in the 1958 experi- 
ment), In this case, the effective (grain yield) and re- 
lative productivity of the plants is catastrophically de- 
creased, As a result of low degree of filling out of the 
ears, the movement of plastic substances into the de- 
































TABLE 3 The Effect of Different Moisture Conditions on the Length of the Vegetation Period of Com (1956 
vegetation experiment) , 
Duration of vegetation period Date of Duration of 
A ‘ | ilk ri spike vegetation 
Variant sprouting | seven leaves | spike forma-~- yore. to |milk ripeness a period in days 
to seven | to spike | tion to milk ripeness |to complete se 
™ leaves formation flowering ripeness of 
the grain 
1 14 34 2 16 47 July 29 113 
2 15 39 3 12 46 August 4 115 
3 15 39 5 12 46 August 2 115 
4 14 34 12 10 43 July 29 113 
TABLE 4 _ Structure of the Yield of Corn Under Various Moisture Conditions (1957 field experiment; planted 


May 20, 40,000 plants per hectare) 



































Date of flowering Percent of | Average product- | Yield, centners/ 
‘oz oe i pas ivity per plant, g ae 
Experimental variant aerial grain aerial grain 
mass mass 
IRRIGATION | 
(1) Control (without irrigation) | July 23 July 27 17.7 | 220.2 81.8 88.6 33.4 
(2) With formation of seven | 
leaves July 20 July 22 0 | 273.0 100.8 | 109.9 41,1 
(3) Prior to spike formation July 23 July 26 5.3 | 317.7 145.8 | 128,3 59.5 
(4) Beginning of grain ripen- 
ing July 23 July 27 8,0 283.1 | 122.1 114,2 49.8 
(5) Milk ripeness July 23 July 27 19.8 (239.8 | 99,1 96.8 40.4 
(6) Prior to spike formation | 
and at beginning of | 
grain ripening July 23 July 26 2.0 345.2 | 166.0 | 139.8 67.8 


During late periods, drought inevitably leads to a 
decrease in the yield of grain and to a lesser degree in 
the vegetative mass of the corn, 

The greatest decrease in the yield of grain is caused 
by inadequate moisture in the period of spike formation 
and flowering, This is connected with the irreversible re- 
tarding of the growth processes which take place most in- 
tensively during this period, with a decrease in the syn- 
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veloping grain is inhibited and therefore the yield of 
vegetative mass is usually relatively high, 

Inadequate moisture during the period of formation 
and ripening of the grain (IV and V vegetation periods) 
Causes a decrease in the yields proportional to the lower- 
ing of the absolute weight of the grain (Table 2), 

The data from the vegetation experiments are also 
supported under field conditions (Table 4), 














In comparing the different variants of the experi- 
ment, one can establish that plants with a large assimila- 
tion surface do not always give a high yield of grain, In 
this respect, plants with relatively limited but intensively 
photosynthesizing leaf surface are most desirable, Such 
a type of plant is formed, as we have seen, under a 
moderate water supply beginning with the phase of young 
sprouts up to the appearance of the seventh or eight leaf 
and with abundant moisture thereafter. An opposite re- 
lationship in the moisture conditions leads to a signifi- 
cant reduction in the yield of grain, 

Increasing the resistance of corm to drought is aided 
by: preplanting hardening of the seeds by the Genkel’ 
method [4], moderate supply of water to the plants dur- 
ing the period from young shoot s up to the phase of the 
seventh or eighth leaf (that is, up to the beginning of the 
intensive formation of ears), moderate nitrogen applica- 
tions in this period, which helps in the better develop- 


ment of the root system and in the formation of xero- 
phytic characteristics, At the same time the use of 
technical agriculture methods (primarily soil treatment) 
aiding in the accumulation of soil moisture and in its 
economical use is necessary, 
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One of the most characteristic effects of large doses 
of ionizing radiation on plants is the inhibitionof mitoses 
at growth points, and restulting inhibition of growth 
and development of the plant, 

It is not known whether the direct effect of radiation 
must be exerted on cells participating in the division 
cycle, and primarily on the nucleus of the dividing cells, 
or whether it can be assumed that the observed effect is 
a sequence of disturbances in the metabolism of the cell 
in question or adjacent cells, It is believed that abnormal 
metabolites are formed which intervene in the metabolic 
process of preparing cell division, distort it and cause in- 
hibition of mitoses, If this is the case a remote effect of 
radiation should be observable, 

A number of studies [1-8 and others] have shown a 
remote effect of radiation on mitotic activity and dis- 
turbances in metabolism and development of animal or- 
ganisms characteristic of radiation sickness, The litera- 
ture is extremely contradictory in the case of plants [9-14], 
which necessitates further investigation, 

In our previous study [11] it was shown that extracts 
from irradiated plants exert an inhibitory effect not only 
on the mitotic activity in the subepidermal layer of rye 
rootlets, but also inhibit the growth and development of 
young sprouts, 

We surmised that toxic substances form in the irra~- 
diated plant tissues which retard the growth and develop- 
ment of seed germs and inhibit mitotic activity. 























DISTANT EFFECT OF IONIZING RADIATION 


Institute of Biophysics, USSR Academy of Sciences, Moscow 
Translated from Fiziologiya Rastenii Vol. 7, No. 2, pp, 220-222, March-April, 1960 


In the present study we attempted to verify this hypo- 
thesis by localized leaf irradiation on the plant, 

The method of investigation was as follows: bean 
plants of Vicia faba,12-14 days old,were placed in a lead 
chamber (5 mm wall thickness), on one side of which 
were 6 apertures (2.5 x 4 mm), Leaves of experimental 
plants were pushed through these apertures for irradiation, 
The control plants were also placed in this chamber during 
irradiation, The points of growth in the experimental and 
control plants were placed at the same level from the 
chamber apertures, The arrangement of the experiment 
is shown in Fig. 1. The leaf close to the point of growth 
was subjected to irradiation, as shown in Fig. 2, The leaf 
irradiation was conducted from above on a RUM-3 appara~ 
tus according to the following schedule; I = 15 mA; u= 
165 kv on tube, without filter, at a distance of 21 cm, 
power = 450 r/min, in dosages of 10,000 and 25,00 roent- 
gen, 

Special measurements of plant illumination within 
the chamber were conducted by B, G, Zhukov and showed 
that plants within the chamber received a diffused irradia- 
tion measuring 0.5% of dosage used, 

Since all our measurements were compared with con~- 
trol plants placed in the chamber during irradiation, the 
effect of small doses of diffused irradiation could be fully 
eliminated, 

The radiational effect was observed by a change in 
mitotic activity at growth points of the stem and root as 








periment (k—(control; 1l—leaves), 





Fig, 1, Arrangement of plants in the ex- 








Fig, 2, Point of irradiation 
of leaf in the experiment, 
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Fig, 3, Changes in mitotic activity in cells of stem and root of Vicia faba plants 
after leaf irradiation (% dividing cells of total checked), 1) Stem the fifth day 





























after irradiation by 24,000 roentgen; 2) root at the same irradiation dosage; 3) 
stem the second day after irradiation by 10,000 roentgen; crosshatched columns — 
experimental (leaves were irradiated); noncrosshatched— control, The upper bar 


above columns indicates variation, 


Fig. 4, Growth increment in Vicia faba (in% of initial size) after leaf irradiation, 
1) Stem length; 2) weight, Left portion of figure — fifth day after irradiation by 
25,000 roentgen; right — second day after irradiation by 10,000 roentgen, Cross- 
hatched columns — experimental, noncrosshatched — control, 


Fig. 5. Mitotic activity of cells in plant stem and roots of Vicia faba after leaf 
irradiation and its immediate removal (% of dividing cells of total number checked), 
1) Stem; 2) root fifth day after irradiation by 25,000 roentgen; 3) stem second day 
after irradiation by 10,000 roentgen, Crosshatched columns — experimental (leaf 
irradiated); noncrosshatched column — control, The upper bar above columns de~- 


notes variation, 


well as by measuring the growth and weight of the whole 
plant, Computation of mitoses was conducted on tem- 
porary preparations, Sections were fixed in Karnua solu- 
tion and after washing were stained with acetocarmine, 
Counting of divided cells was conducted on 10 visual fields 
of each preparation, 

In each preparation no less than 200 cells were countec 
to the root and no less than 400 cells to the point of stem 
growth, The experiment was repeated 3-fold, In each ex- 
periment there were 3 plants, Consequently, the mitoses 
were counted on 10 preparations comprising nearly 2,000 
cells for the root and nearly 4,000 cells for the growth 
point, 

Experimental data for changes in mitotic activity are 
represented in Fig, 3; the data show that localized leaf 
irradiation decreases the mitotic activity at the point of 
stem growth as well as at the point of root growth, A de~- 
crease in mitotic activity is observed with both dosages, 

As seen from Fig, 4, the growth increment of the 
whole plant after leaf irradiation was also markedly di- 
minished compared with the control, The measurements 
showed that the plant growth after leaf irradiation av- 
eraged 60% compared with the control and ranged from 
10 to 80%, The weight of the plant also decreased, Mean 
values are given in Fig, 4, 

In order to be convinced that toxic metabolites are 
formed in the irradiated leaf, and that they can progress 
along the plant and reach points of growth, we conducted 





experiments in which the irradiated leaf was removed 
immediately after irradiation, At the same time the cor- 
responding leaf in the control plants was removed, Data 
on this series of experiments are represented in Fig. 5, 
As seen from these data, piants with a removed leaf did 
not show any inhibition of mitoses, while inhibition was 
observed in the presence of an irradiated leaf. Thus, 
these experiments clearly demonstrated that toxic meta~ 
bolites form in an irradiated leaf and exert an inhibitory 
effect on cell division at growth points, The removal of 
an irradiated leaf from a plant also removes growth in- 
hibition of the whole plant, 

These simple experiments convincingly indicate the 
appearance in irradiated tissues of substances which, 
moving along the plant, exert a marked inhibitory effect 
on cell division at points of growth and inhibit the growth 
and development of the plant on the whole, 

Based on the reported study the following conclusions 
can be made: 

Irradiation of the plant leaf in Vicia faba beans by 
dosages of 10 and 25 thousand roentgen with careful in- 
sulation not only of points of growth, but the whole plant, 
causes inhibitionof cell division in growth points of stem 
and root, and inhibits plant growth on the whole, 


Removal of the irradiated leaf immediately after 
irradiation fully removes the inhibitory effect on mitoses 
and plant growth, 





Based on these experiments, it can be assumed that 
toxic metabolites form in the leaf through ionizing irra- 
diation which, spreading along the plant, exert an in- 
hibitory effect on cell division at growth points of stem 
and root, and consequently also on plant growth on the 


whole, 
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ON INDIVIDUAL SALT RESISTANCE OF FORMATIVE 


PROCESSES IN TOMATOES 
V. A. Solovyev 


K, A, Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 
Translated from Fiziologiya Rastenii Vol, 7, No, 2, pp, 222-225, March-April, 1960 


Original article submitted June 17, 1959 


Individual differences have repeatedly been noted 
in the past in the process of plant adaptation to saline 
soils [1-3]. Moreover, there are indications of morpho- 
genetic changes in vegetative [4] and generative [5] organs 
effected by soil salinity. 

During the summer of 1959 in experiments with 
tomatoes (variety Erliana) we observed a varied plant 
adaptation to soil salinity accompanied by a specific act- 
ivity of Cl“ions on flower buds and on their subsequent 
development, 

The plants were cultivated in vegetative pots on 
argillaceous soil at 70% total moisture capacity, At sow- 
ing and 2 weeks later sodium sulfate or sodium chloride 
was added to the pots in quantities of 0.1% on anion basis 
— thus the salinity was brought to 0.2% on anion basis, 

Until flowering the plants differed from one another 
externally only in growth intensity and leaf coloration; 
the plants on sulfate salting lagged slightly in growth from 
the control (without salting); on chlorides they lagged 
severely in growth and were characterized by a much 
darker green leaf coloration, 


The transition to the flowering stage and fruit bear- 


ing was almost alike in all variants; however, the beginn=- 
ing of flowering in individual plants differed by as much 


as 10 days, During this period in some of the plants on 
chloride treatment a chlorophyll discoloration was ob- 
served; the leaves became pale green and thickened, 
forming a succulent structure, The chlorophyll discolora- 
tion and the succulent structure development spread from 
the basal portion upward through the plant, and on the leaf 
from the base of the leaf and along the leaf vein, From 
the top of the plant a saline poisoning could be observed 
in an apical direction (browning began from the edges of 
the leaf blade), On some leaves of the midplant layers 
there was a simultaneous discoloration of chlorophyll 
along the leaf vein and browning of the leaf blade edges, 
All these processes were accompanied by a drooping of 
most of the buds and nonpollinated flowers, The ger- 
minated small fruit, as a rule, did not fall off. Control 
plants and those of the sulfate variant appeared fully 
normal at this period and later (Fig. 1). 


Some of the plants which suffered most from salt 
poisoning died and the germinated small frult on them 
never ripened, 


Under critical conditions developed in our experi- 
ment on chloride salting, individual plant characteristics 
were quite clearly manifested in the process of their 
adaptation to soil salinity, Even if a portion of the plants 




















Fig. 1. Effect of soil salinity on tomato growth and development, a) Con- 
trol (without salting); b) sulfate salting (0.2 % of SQ,); c) chloride salting 


(0.2% of CT). 

















Fig, 2, Plant feeding on saline soils, a) Example of individual salt-resistant tomato 














plants (the plant on right died, that on left grows); b) plants with deformed fruit (in 
plants on left “stepsons” side-shoots were removed; on the right the role of the top 


was taken by a remaining “stepson”). 
































Fig, 3, Deformed flower clusters and tomatu fruits on chloride salinity, a) Con- 
cretion of a few flowers; b) deformed flower cluster with normal flowers on it; c) 


fruit formed from a deformed cluster, 


did not adapt to unfavorable conditions of salinity 
and died, the majority of plants succeeded in adapting 
to soil salinity in environments of hign air tempera- 
ture and, in an extremely depressed state, retained the 
other adapted itself and grew. 

However, even the adapted plants subsequently be- 
haved quite differently, Twisting of leaves, leaf petioles 
and of flower pedicels was noted in some, A deforma- 
tion of flower clusters and a concretion of buds, at times 
10 buds together,was observed on peduncles (Fig. 3a,b), 
From the deformed flowers deformed fruit germinated sub- 
sequently, forming one concreted fruit as if composed of 
several, From the base of a deformed flower cluster new 
flower clusters frequently grew (Fig. 3b) but, as a rule, 
these were unable to bear fruit, The deformation of 
flower clusters and formation of concreted fruit always 
occured at the topmost point of growth which ceased 
further growth, while at the top of the plant one deformed 
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fruit would develop (Fig, 2b, the left plant), When a side 
shoot (“stepson”) nearest the top is left on such a plant, 
it takes over the role of the top and subsequently produces 
normal buds and fruit (Fig. 2b, right plant), Deformed 
fruit upon ripening were found to have few seeds with a 
large amount of pulp, About one-half were entirely seed- 
less (pathenocarpic), 

” The remaining adapted plants underwent no morpho- 
genetic changes and produced normal fruit. 

Thus, it was found in our experiments that plant 
adaptation to salinity depends to a greater degree on the 
individual characteristics of the plants themselves (with- 
in the limits of species and variety), Some plants cannot 
withstand unfavorable conditions of soil salinity and die; 
others adapt themselves to these conditions, though they 
undergo a number of morphogenetic changes of fruit- 
bearing organs3 still others, although they lag in growth 
by comparison with plants on a saltfree background, pre- 
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serve their species and varietal characteristics, 

From our point of view special attention should be 
paid to the second group of plants in which a number of 
morphogenetic changes are manifested in adaptation to 
salinity, It could be assumed that in this case a con- 
tamination of plantsoccurred by stolbur virus transmitted 
by cicada [6], But a check showed that the deformation 
of tomato flower clusters and leaves is unrelated to the 
virus outbreak, f Kruzhilin ['7] believes that in an environ- 
ment of drought and high temperature in southern USSR 
a “false stolbur” illness may occur not through a virus 
infection, but by changes in plant metabolism due to lack 
of moisture, In our experiments the plants were in environ- 
ments of normal water supply. Moreover, these mani- 
festiations were observed in plants of only one variant, 
under conditions of Cl-ion salinity, In environments of 
fresh water and the sulfate background not one case of 
flower cluster deformation was noted in plants, 

On the other hand parthenocarpia, a reduced num- 
ber of seeds and an increase in fruit pulp were often ob- 
served when the flower clusters were treated by synthetic 
growth stimulants of the 2,4-dichlorphenoxy acetic acid 
or 2,4,5-trichlorphenoxyacetic acid type [8, 9]. Most of 
these contain chlorine atoms in their molecule, 

It is quite possible that by combining Cl-ions in 
plants, as pointed out by Genkel’ [10], substances may 
form which are capable of exerting an effect on plants 
similar to the effect of synthetic growth stimulants and 
herbicides, Strogonov [11] believes that in chloride 
salinity environments the formation of herbicides within 
the plant is possible. Evidently the formative changes of 
generative organs in tomatoes observed in our experi- 
ments resulted from the effect of toxic chlorine-contain- 
ing substances by the action of CI ions, 
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Published information on the day-length characteris- 
tics of sunflower varieties is in many cases contradictory; 
in more than one case a single variety has been designated 
as short-day, neutral, or long-day by different workers, 

During the post-war years, the Division of Phys- 
iology of the Scientific Research Institute of Oil and 
Essential Oil Plants in Krasnodar (VNIIMEMkK)has been 
occupied with this matter, Results of a study which is 
currently under way are reported in part in this paper, 

Alekseev [1], at the Don station of VNIIMEMK 
first pointed out that the day-length characteristics of 
sunflower are not constant throughout the plant’s develop- 
ment. Those varieties which he studied he divided into 
two groups. In varieties of the first group, a short day 
hastens plant development "during the period from ger- 
mination to flowering,” and in varieties of the second 
group, only during the “period from floral bud initiation 
to flowering." To this second group he assigns the widely 
distributed, oil-rich variety VNIIMK 1646, 

Our experiments [2] with this variety, begun in 
1953, ha.e shown, however, that there are both short-day 
and long-day biotypes present. 

Below we present data from an experiment per- 
formed in 1956 with two strains isolated from a VNIIMK 
1646 population which differ in day-length characteris- 
tics, The original plants for these two strains were selec- 
ted in 1953, The first generation was subjected to various 
day lengths in 1954, and the second in 1955, The photo- 
periodic behavior of the progeny remained unchanged, 

At present we have five generations, Tne 1956 experiment 
was performed with seeds of the third generation, 

In this and succeeding experiments, plants were 
grown singly in large pots. They were watered once a 
week, the amount depending on plant weight, and short 
days were provided by rolling small wagons containing 
the pots into a special dark shed, The experiment was 
replicated at least 10 times. 

Only seeds from the outer portions of the heads, the 
largest and most viable ones, were used [2]. 

As Table 1 shows, within each treatment group plants 
flowered at different times, By observing daily the num- 
ber of plants which were beginning to flower, we obtained 


series which represented in essence short phenotypic spectra, 


The occurrence of such series in place of a concerted 
flowering on a single day already indicated that the given 
strain (and other strains isolated from the varietal popula- 
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tion) is also a population, though with considerably less 
spread than that of the original varietal population, 

The short-day character of this strain is clearly re- 
vealed by comparison of treatments 5 and 6, Flowering 
was delayed on a constant natural day, and on a constant 
nine-hour day it was hastened and the whole row was 
shifted to the left. 

A nine-hour day given only during the flowering 
period had no effect in comparison with the control, the 
series being parallel, 

We see the greatest shift to the left in the third 
group where a short day was given from sprouting up to 
the appearance of the first ligulate flower, i.e,, to the 
time of differentiation of the terminal meristem and for- 
mation of the reproductive organs, 

A nine-hour day from sprouting to the beginning of 
head formation (treatment 2) hastened flowering in com- 
parison with a constant natural day, but the course of 
flowering was somewhat prolonged in comparison to the 
treatment in which a short day was continued even after 
the beginning of head formation, up to appearance of the 
first flower, 

The effect of short days given over a still briefer 
period (treatment 1) proved to be very weak— in com- 
parison with the constant natural day, there is a more 
extended flowering period, The most extended flowering 
period was noted on a constant short day (treatment 6), 


The effect of a short day on sunflower plants after 
passage through the light stage is not photoperiodic in 
nature, but is related to an overall decrease in the amount 
of light obtained during a day, This has been demonstrated 
by experiments in this laboratory on the influence of light 
intensity on sunflower development [3]. 


In Table 2 are presented results of a similar experi- 
ment on the effect of photoperiodic regime on course of 
flowering in a long-day strain of the same variety, the 
experimental scheme employed being somewhat different, 
however, 


Here the phenotypic spread obtained with various 
short day regimes was noted, An especially prolonged 
series was obtained when a nine-hour day was given from 
sprouting to beginning of head formation, The more pro- 
nounced effect of a temporary nine-hour day in compari- 
son with a constant short day is characteristic of our vari- 
eties, This has also been observed by Alekseev [1]. 
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The greatest acceleration in development of long- 
day biotypes of sunflower was obtained by growth on a 
natural day to the beginning of head formation (during the 
light stage) followed by growth on a short day to flowering, 
i.e., during the time when a short day hastens development 
in all short-day and long-day biotypes, After flowering, 

a short-day once more loses its capacity to promote de- 
velopment (see treatment 4, Table 1), 

In this experiment the response of short-day and 
long-day biotypes of sunflower to various day length re- 
gimes has been completely clear-cut, Why, then, has 
there been such disagreement as to this point among other 
workers ? This is due to the fact that in earlier studies 
sufficient attention was not paid to methods, and selection 
of plants to be used was not made with care, 

Kovalev [4, 5] first used correct procedures and in- 
dicated the occurrence within a population of Giant White- 
grained sunflower of both long-day and short-day forms, 
but these studies were not continued and found no response 
in the literature, 

In order to prevent errors in biological and phys- 
iological studies with sunflower we are describing our 
method using variety VNIIMK 1646 as an example. 

In 1953 ,200 plants were sown in pots, Half of these, 
the controls, were kept on a natural day constantly, and 
the other half were kept on a nine-hour day for 25 days 
after sprouting and were then transferred to a natural day, 
We did not use a constant short day, since A, P, Alekseev 
had already shown that usually a vaired photoperiodic 
regime extended the flowering period to a greater degree 
than did a constant short day, A short day hastens de- 
velopment of all biotypes from the end of the light stage 
to the flowering stage, and in order to obtain differences 
between biotypes it is necessary to apply short days at an 
earlier stage, the light stage. At that time a short day 
hastens development of short-day biotypes (series shifted 
to the left) and delays development of long-day biotypes 
(series shifted to the right), and therefore the phenotypic 
spectrum of the whole population is extended as if there 
is a "fractionation of the population" into biotypes, more 
accurately, into groups with various photoperiodic charac- 
teristics (Table 3). 

It would seem that in taking plants on the left of 
the “continued” control series (from June 6 through June 
13) we are selecting short-day biotypes, and in taking 
those on the right (from July 1 through July 13) we are 
selecting long-day forms, This proved to be correct for 
many varieties, 

Using this simple method, it was possible to select 
from a varietal population short-day or long-day forms, 
which were used for selection purposes by Alekseev [6] 
and a fellow, A, I, Gundaev, One season suffices for this 
method, 

For fractionation of very late varieties (ensilage 
varieties) into biotypes, better results were obtained in 
certain cases if short days were given for a longer period 
(instead of 25 days, 30-35 days after sprouting). 
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Day length has a slight significance: an effect is 
obtained with an eight-hour, nine-hour, ten-hour, and 
even a 12-hour day, The greater the day length the more 
vigorous the plants and the higher the yield. With respect 
to fractionation of a population,a shorter day has a some- 
what more pronounced effect (our experiments of 1958), 
This method cannot be used to determine the photoperiodic 
reaction of plants in all varieties, however, 


In Table 4 are presented phenotypic spectra of a 
population of an endemic edible Armenian variety, Here, 
both plants to the left of the control series (from July 1 
through July 6) and to the right (from July 16 through July 
28) proved to be long-day plants, although they differed 
as to the degree to which this character was expressed, as 
measured by the strength of response to a short day (right 
portion of the experimental series) by the reaction to the 
accelerating action of short days after the beginning of 
head formation (left portion of the experimental series), 


In order to separate out short-day and long-day 
biotypes,we collected seeds individually from plants on 
the extreme left and extreme right of the experimental 
series, We obtained fair results even with free flowering 
— the comparative purity of the material is explained by 
the fact that with an extended flowering period the ex- 
treme biotypes are pollinated with pollen from a limited 
number of plants, More clear-cut results are obtained 
with cross pollination among extreme forms which in- 
volves two or three plants, For example, in the experi- 
mental series of Table 3 there should be cross pollination 
among the earliest plants, flowering from June 6 to June 8, 
and the latest plants, flower ing July 12 and 13, etc. Cross 
pollination among intermediate members of the series 
yielded progeny with a weak short-day character, a weak 
long-day character, a nearly neutral character in other 
words, or else progeny which were to all intents and pur- 
poses completely neutral, 


The progeny of plants selected by this method were 
subjected during the following year to photoperiodic re- 
gimes similar to those employed during the first year, and 
then their photoperiodic reaction was precisely determined, 
This method is cumbersome and tedious, requiring two 
years, but it ensures reliable results, 


Strains isolated from varietal populations are hetero- 
geneous, being themselves populations, though with shorter 
phenotypic series, With repeated selection, greater and 
greater homogeneity is obtained, 


In Table 5 are presented data on the flowering be- 
havior of progeny from the 1953 plants under various photo 
periodic regimes given in 1954, The progeny of the earlier 
flowering plants proved to be short-day plants, while those 
of the later flowering plants ptoved to be long-day plants, 
The two series were disposed according to the usual scheme 
in such a way that the phenotypic spectrum of one strain 
was a mirror image of that of the other, The two series, 
however, showed overlapping with transitional biotypes. 
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In later selections it was usually possible to obtain 
series which were more clearly delimited, with less over- 
lapping or without it, 

From these progeny of plants selected in 1953, data 
for which are given in Table 5, pairs at the extremes of 
the series were once more selected for cross pollination, 
Data on progeny from the second generation are presented 
in Table 6; here, in each strain, the right series is a pro- 
longation of the left, and both series together appear to 
make up a single series, 

For this variety we already have five generations 
from the original 1953 plants, and differences in the pro- 
geny with respect to reaction to day length have not only 
not disappeared, but are becoming more prominent, The 
manifestations of a general decline in fertility which arise 
during this procedure should be taken into account, even 
though complete sterility does not result, For this reason 
it is impossible to obtain a homozygous strain, and it is 
always necessary to deal with strain populations, 

Everything known to us, thus far, concerning long- 
and short-day forms in a single varietal population in- 
dicates that these biotypes, in spite of differences in photo- 
periodic reaction, are closely related, and that there is 
therefore no such sharp discontinuity between long-day 
and short-day species as might have appeared previously 
[10]. 

A varietal population is not a collection of discrete 
biotypes with distinct photoperiodic reactions, but is a 
continuous series with gradual transitions between extreme 
forms, Within a series, on the left are the extreme short- 
day forms, which gradually shade into neutral forms, and 
finally into extreme long-day forms, which are located 
on the right. There are varieties in which the series con- 
sists solely of long-day or short-day biotypes distinguished 
by the degree of their response to the particular day length 
involved, Strains isolated from a varietal population (pro- 
geny of individual plants obtained by free pollination or 
by cross pollination involving two or three neighboring 
members of a series) are also populations with shorter 
phenotypic series in which further selection is possible. 

Chailakhyan [12] suggests that the primitive forms 
from which other forms evolved are the neutral forms, 
Possibly this occurs in many cases, especially in the differ- 
entiation of genera and of the more woody species within 
a genus, With respect to the sunflower, Helianthus annus, 
the site of its origin, according to Vavilov, is nothern 
United States or Canada, It may therefore be supposed 
that here there was an evolution from long-day to short- 
day forms, 

This hypothesis is strengthened by the fact that the 
most closely related weedy species, H, lenticularis, has 








proven to be a long-day plant, as has a very closely re- 
lated primitive species of endemic Armenian sunflower, 


An intensified study of forms with differing photo- 
periodic reactions {solated from a single population is 
of very great theoretical interest, for here we are at the 
source of their divergence, where long-day and short-day 
biotypes are observed in their rudimentary state, almost 
in statu nascendi, 

The practical value of these studies has been proven, 
since methods of fractionating varietal populations of sun- 
flower and selecting biotypes of a definite character with 
respect to photoperiodic reaction have already been utili- 
zed successfully in selection by A, I, Gundaev in western 
Siberia, 
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Isopropyl-N-(3-chlorophenyl)carbamate,IPC,* is 
well known as a selective herbicide against weedy grasses in 
plantings of beet, carrot, cotton, lucerne, and other di- 
cotyledons [1-8]. It has also been shown that certain 
weedy dicotyledons, including the common chickweed 
(Stellaria media) which heavily infests plantings of vege- 
table and berry crops, are highly sensitive to this herbicide 
[6-12]. 

In this communication we describe results of experi- 
ments to eradicate chickweed with IPC, Experiments were 





performed in hothouses and in the field at the K, A, Timiry- 


azev Institute of Plant Physiology, USSR Academy of 
Sciences, from 1953 through 1956, The herbicide was 
applied as an aqueous emulsion, OP-10 was used as an 
emulsifying agent, being applied in the same amounts as 
the herbicide, The emulsion was used at the rate of 1000 
liters per hectare. All experiments were replicated four 
times, In the hothouse, growing pots containing seven kg 
of soil were used for each replicate, and in the field 10 
m* plots represented a replicate sample. 

We began the study by examining the effect of IPC 
on chickweed at various stages of development, beginning 
with seed germination and ending with flowering. Chick- 
weed seeds were sown broadcast over the leveled soil sur- 
face and subsequently covered by a light raking. In order 
to test the effect of IPC on germinating seeds, the herbi- 
cide was introduced into the soil prior to sprouting in the 
following manner: the soil surface was sprinkled with the 
herbicide emulsion and then lightly tumed over, At later 
stages, beginning with appearance of shoots, plants were 
treated with the herbicide by application of the emulsion 
to the soil surface, These experiments showed that IPC 
is most effective when applied prior to appearance of 
shoots, It is considerably less effective when applied at 
later stages, It should be pointed out, however, that treat- 
ment during the flowering period is undoubtedly of practi- 
cal value, The herbicide had very little effect on leaves 
and stems at this time, but it produced severe injury in 
the flowers and significantly reduced seed yield, which 
unquestionably impedes further spread of the weed, 

In hothouse experiments smaller doses of herbicide 
were required to produce a given effect than in the field, 
While in the hothouse 0,625 kg/nectare caused death of the 
plants, in the field 1,25-2.5 kg/hectare were required, The 
pattern of eradication was the same for both cases, Shoots 





appeared on the fourth or fifth day, Control plants rapidly 
developed and after 25-30 days began to flower, Seedlings 
which had been treated with the herbicide, however, re- 
mained in the cotyledon stage, were strongly deformed, 
and died after 14-20 days without showing any further 
growth, 

In the experiments on chickweed eradication from 
plantings of cultivated crops, we applied the herbicide 
prior to the appearance of shoots. 

In the laboratory experiments, sowing and treatment 
with herbicide were carried out in the following manner: 
first the crop seeds were sown at a depth 0.5 cm less than 
that normally employed; the soil surface was then smoothed 
over and chickweed seeds scattered about on the basis of 
200 seeds for each vessel, these seeds were then covered 
with 0.5 cm layers of moist soil, On the following day 
the soil was sprinkled with a herbicide emulsion and then 
lightly turned over; water was supplied through tubes so 
that the soil was moistened from below. 

The first field experiments were carried out on plots 
sown with Voronezh 76 corn (20 seeds per m*) Spassky onion 
(40 bulbs per m’) and Lorkh potato (eight tubers per m?*), 
Com grains were sown at a depth of ten cm, tubers at 12 
cm, and onion bulbs at a depth equal to 2/3 of their height, 
After sowing the soil was thoroughly raked and chickweed 
seeds were evenly scattered over the surface, Immediately 
afterwards the soil was turned over to a depth of 1-1.5 cm 
in order to cover the weed seeds, The next day the soil 
surface was treated with the same amount of herbicide as 
used previously and once more lightly turned over, 

The field experiments with onion (Table 1) and corn 
(Table 2) showed that IPC at 1,25-2,5 kg/hectare com- 
pletely eradicates chickweed, markedly decreases the num- 
ber of annual grass weeds, and reduces the number of an- 
nual weedy dicotyledons, At the same time it has only a 
slight adverse effect on the cultivated plants, It should be 
added that a reduction in the weed population markedly 
promoted growth of the cultivated crops. 

In 1955 an experiment was performed in which IPC 
was applied between the rows of a black currant planting 
* Although the abbreviation IPC is commonly used to 
represent the chemical isopropyl N-phenylcarbamate, 
in this paper it is used to denote the derivative chloro- 
IPC, isopropyl-N-(3-chlorophenyl) carbamate—[Pub- 
lisher*’s note]. 
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TABLE 1 Results of an Experiment to Eradicate Chick- 
week from Spassky Onion Plantings (1956 expt.) Bulbs 
Set Out and Chickweed Sown on August 1, Herbicide 
Applied to Soil on August 2, Results Tabulated on Sep- 
tember 22 





Wt of green tissue in g per m’ plot area 

















(in SE chickweed “ onion 
§ %e & vi 
1,25 0 0 12,450 162.7 
2,50 0 0 12,20 159.5 
5.00 0 0 12,72 167,3 
Control 1250 100 7.65 100,0 











(replicated twice, plot area 50 m*), The ground between 
the rows was heavily infested with chickweed, couch grass, 
sow thistle, pigweed, and shepherd's purse, The experi- 
ment was begun on June 20, At this time the weeds were 
mowed and the soil was trenched and raked, The soil was 
then sprinkled with an IPC emulsion on the basis of 20 kg 
of herbicide per hectare and lightly tumed over, After 
forty days, results of the treatment were evaluated, In- 
spection of the plots showed that those treated with IPC 
were practically free of chickweed and that the amount 
of couch grass and other weeds was considerably reduced, 
The herbicide had no effect on growth and fruit yield of 


the-black currant, The effect of the herbicide on the weeds, 


expressed as weight of green tissue in kg per 50 m?* of sur- 
face between rows is as follows: 








Treatment Couch grass | Broad-leaved weeds 
IPC 0,325 5.630 
20 kg/hectare 
Control 2,880 16,320 








Experiments with IPC performed in succeeding years 
yielded similar results, 
Application of IPC to soil prior to the appearance of 


shoots may be recommended for extensive testing as an ef- 


fective method of eradicating chickweed and other weeds 
from plantings of various agricultutal crops, 


TABLE 2 Effect of IPC Application to Com Plantings 
Prior to Appearance of Shoots (1956 expt.), Corn and 
Chickweed Sown on June 23, Herbicide Applied to Soil 
on June 24, Results Tabulated on September 17 





Wt of green corn tissue per m* plot 











area 
IPC 
(in kg/hectare) kg % of control 
2.5 3.70 114.9 
5.0 3,95 122.6 
Control 3,22 100.0 





LITERATURE CITED 


(1] J. Ahigren, G, Klingman, and D, Wolf, The 
Control of Weeds, Translation from English, editor Yu, V. 
Rakitin, preface by Yu, V. Rakitin [Russian translation] 
(IL, 1953), 

[2] W. B. Ennis, Bot, Gaz, 109, 473 (1948). 

[3] R, D, Sweet, R, Kunkel, and G, J, Raleigh, 
Proc, Amer, Soc, Hortic, Sci, 45, 440 (1944), 

[4] J. Wilson, Agric, Chem, 6, 34, 91 (1951), 

[5] Chem, Eng, 60, 1, 226 (1953), 

{6] Yu, V, Rakitin, Plant Management [in Russ- 
ian] (Znanie Press, 1956), 

[7] Yu, V, Rakitin and K, E, Ovcharov, Stimula~ 
tors and Herbicides in Cotton Cultivation [in Russian] 
(USSR Acad, Sci, Press, 1957), 

[8] Yu, V, Rakitin, The Use of Stimulators and 
Herbicides in Plant Cultivation [in Russian] (Znanie Press, 
1957). 

[9] C. J. Raleigh, Chem, Abs, 47, 4031 (1953), 

[10] Stevens and Carlson, Chem. Abs, 47, 4025 
(1953), 

[11] Scientific Compendium, Biological Science 

2, Chemical Methods of Stimulating and Inhibiting 
Physiological Processes of Plants, Yu, V. Rakitin, editor- 
in-chief [in Russian] (USSR Acad, Sci, Press, 1958), 

[12] Yu, V, Rakitin and A, D, Potapova, Doklady 

VASKhNIL 7, 29 (1959), 




















OFSPRING WHEAT 
L. N. Kazanskaya 


PHOSPHORUS METABOLISM DURING ONTOGENESIS 
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The course of individual plant development com- 
prises several qualitatively distinct stages, 

Four stages in the ontogenesis of annual plants have 
been noted and characterized [1-5], The level of cellu- 
lar metabolic activity does nox remain constant during 
transition of the plant from one stage to the next, 

At present a large number of studies are being de- 
voted to the biochemistry of plant development, but as 
yet very little attention has been given to the subject of 
the metabolism of organic phosphorus compounds as it is 
related to stages of development, 

The purpose of this study has been to follow the 
pattern of change of phosphorus compounds in leaves of 
Diamant wheat as development progresses, Seeds of the 
1957 crop were sown in pots containing six kg of soil on 
June 3, 1958, The following fertilizers were-added to 
the soil prior to preparation of the pots (per pot); super- 
phosphate — five g, ammonium nitrate — two g, and potas- 
sium chloride — one g, Stage of plant development was 
determined by the condition of the growing point [6]. 

Leaf samples to be analyzed were collected at the 
following times: 1) June 16— six days after sprouting, 
vernalization stage, appearance of second leaf, plant 
height eight-ten cm; 2) June 19— nine days after sprout- 
ing, vernalization stage, two well developed leaves pres- 
ent, plant height 14-15 cm; 3) June 24— 14 days after 
sprouting, beginning of light stage, appearance of third 
leaf, plant height 19-20 cm; 4) June 28— 18 days after 
sprouting, light stage, three mature leaves, plant height 
23-25 cm, tillering; 5) July 1— 20 days after sprouting, 
end of light stage, appearance of fourth leaf, plant height 
28-30 cm, beginning of shoot formation; 6) July 4— 24 
days after sprouting, beginning of third stage, plant height 
36-37 cm, shoot elongation, appearance of anthers in the 
lower florets of the middle spikelets in the primordial 
head; 7) July 8— 28 days after sprouting, third stage, plant 
height 44-46 cm; 8) July 12 — 32 days after sprouting, five 
leaves present, plant height 53-53 cm; 9) July 17— 37 
days after sprouting, fourth stage, appearance of sixth leaf, 
plant height 63-64 cm, appearance of pollen tetrads in 
lower florets of middle spikelets of the head; 10) July 21— 
41 days after sprouting, fourth stage, plant height 67-80 
cm; 11) July 30 — 40 days after sprouting, beginning of 
flowering; 12) August 4— 45 days after sprouting, flowering 
in progress, 
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Only the upper leaves which had completed growth 
(second from the top) were analyzed for their content of 
various phosphorus compounds, An average sample con- 
sisted of leaves from 90-100 plants, Plant material was 
fixed with liquid oxygen, Organic phosphorus compounds 
were fractionated by Sokolov’s method [7]. Total phos- 
phorus, inorganic phosphorus, phosphatide phosphorus, 
organic acid-soluble phosphorus, and nucleoprotein phos- 
phorus were determined, In addition, total nucleic acid, 
and also ribonucleic acid (RNA) and desoxyribonucleic 
acid (DNA) were determined, Nucleic acids were deter« 
minted by the method of Schmidt and Tannhauser des- 
cribed in Belozerskii and Proskuryakov [8]. Organic ma- 
terial was degraded with perchloric acid. The final phos- 
phorus content was determined with an electric colori- 
meter, Amounts were expressed as milligrams of phos- 
phorus per gram absolute dry weight. 

Data on the contents of various phosphorus compounds 
in wheat leaves at various stages of development are pre- 
sented in the table; it is seen that total phosphorus is highest 
in the vernalization stage (9.4 mg). During the light stage 
it remains high (7.5-7.65 mg). Toward the end of the light 
stage and the beginning of the third stage, it decreases 
sharply. The smallest amount of total phosphours is found 
during the third stage (4.3 mg), During the fourth stage the 
level remains low. 

At inception of flowering and during the flowering 
stage, total phosphorus once more increases, but it does 
not attain the level observed in the first two stages, These 
data are in agreement with those of a number of other 
workers [9-12], who also found total phosphorus to be high- 
est during the first part of the growing period, 

Most workers, however, have determined various phos- 
phorus compounds not in relation to stages of development, 
but in relation to stages of vegetative growth, It is well 
known that in cereal crops, for example, the stage of shoot 
formation includes the end of the light stage, the whole of 
the third stage, and the beginning of the fourth stage of 
development, 


About half of the total phosphorus occurs in the in- 
organic form, The dynamics of change of inorganic phos- 
phorus in wheat leaves are similar to the dynamics of 
change of total phosphorus, This fraction is lowest during 
the third stage of development. 
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Among the organic phosphorus compounds, the acid- 
oluble fraction bulks large in wheat leaves, This fraction 
is high during the first two stages (vernalization and light), 
but gradually decreases with the beginning of the third 
stage and throughout the fourth stage. During flowering, 
it once more increases somewhat. 

The content of phosphatide phosphorus is low at all 
stages, but it does fluctuate as the plant develops, It 
gradually increases from the vernalization stage to the 
light stage and reaches a maximum toward the end of the 
light stage and the beginning of the third stage, During 
the third stage it remains at a maximum and once more 
decreases with transition to the fourth stage, During the 
flowering stage, it returns to the low level of the ver- 
nalization stage. Among the organic phosphorus com- 
pounds, nucleic acids and nucleoproteins are of great in- 
terest, As the table shows, the total amount of nucleic 
acids plus nucleoproteins also varies markedly with differ- 
ent stages of development. It is highest at the vernaliza- 
tion stage (2,06-2.36 mg phosphorus per gram absolute 
dry weight), At about the beginning of the light stage it 
falls, and at the time of transition to the third stage it 
once more rises sharply, It is lowest during flowering 
(0.73-0.90 mg phosphorus), being almost three times 
smaller than the vernalization stage. 

Within this fraction, ribonucleic acid (RNA) and 


desoxyribonucleic acid (DNA) were determined separately. 





The RNA content is almost two times higher than that of 
DNA. The major portion of phosphorus in this fraction is 
associated with nucleoproteins, From the table it is clear 
that the RNA curve corresponds to that for the sum of nuc- 
leic acids plus nucleoproteins, RNA content is also highest 
during vernalization and lowest during flowering, DNA 
content is less subject to fluctuations, During the first 
three stages it changes little, and only toward the end of 
the fourth stage and during flowering does it fall percept- 
ibly, The same thing is true of phosphorus of nucleopro- 
teins, If, however, amounts of the various phosphorus: 
compounds are expressed in terms of percentage of total 
phosphorus, quite another picture is obtained, These data 
are presented in Fig, 1, 


Tle percentage content of mineral phosphorus rises 
sharply toward the end of the growing period, It is lowest 
during the third stage (45% — 38.9% — 41%), During the 
flowering period it rises as high as 64,8-64,.3%. 


The percentage content of organic acid-soluble 
phosphorus is at a maximum during the light stage. 


The third stage is characterized by maximum levels 
on a percentage basis of such important compounds as 
phosphatides and nucleic acids, In spite of the fact that 
at this time absolute levels of phosphorus of these com- 
pounds are lower than during the vernalization and light 
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Fig. 1, Dynamics of phosphorus compounds in wheat 








leaves during plant ontogenesis (in % of total phosphorus), 
1) Mineral phosphorus; 2) organic acid-soluble phosphorus; 
3) phosphatide phosphorus; 4) phosphorus of nucleic acids 
and nucleoproteins; 5) ribonucleic acid phosphorus; 6) 
desoxyribonucleic acid phosphorus; I) Vernalization stage; 
II) light stage; III) third stage; IV) fourth stage; V) flower- 
ing. 
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Dynamics of Phosphorus Compounds in Leaves of Diamant Wheat at Various Stages of Its Development (in mg 









































total {Mineral} Organic | Phosphatide| Nucleo| RNA | DNA | Total phosphorus 
Stage of develop-| phos- |phos- | acid- | phosphorus protein of nucleic acids 
aie ment phorus |phorus | soluble phos- plus nucleopro- 
phos- phorus teins 
phorus 
Vemalization 
stage 9.4 5.03 1.9 0.41 0.20 1.33 | 0.53 2.06 
June 19 Vernalization 
stage 9.46 |4,93 1,75 0,42 0.20 1.83 | 0.51 2.36 
June 24 Light stage, 
beginning 7.5 3.14 1.88 0.48 0,23 1.13 | 0.64 2.0 
June 28 Light stage, 
middle 7.65 |3,32 2,07 0.58 0.21 0.98 |0.49 1.68 
July 1 Light stage, 
end 5.5 2,03 1,1 0.70 0.29 0.86 |0,52 1.67 
July 4 Third stage, 
beginning 5.2 2.34 0.75 0.71 0.09 0.82 | 0,52 1,43 
July 8 Third stage, 
middle 4.33 |1.66 1.50 0.68 0.06 0.97 |0.36 1.49 
July 12 Third stage, 
end 4.3 1.79 0.52 0.67 0,08 0.79 |0,45 1,32 
July 17 Fourth stage, 
beginning 4,5 |2.21 |0,48 0.57 0.07 |0,74 |0.43 1.24 
July 21 Fourth stage, 
middle 4.62 |2,74 0,33 0,54 0.04 0.63 |0.34 1,01 
July 30 Beginning of 
flowering 5.36 |3.49 0.66 0.48 0.05 0.38 {0.30 0.73 
Aug. 4 During flower- 
ing 5.77 |3.73 0.70 0,44 0.05 0.53 |0,.32 0.90 


stages (in mg P per gram dry weight), their percentage 
content is higher than at any other time, Upon comple- 
tion of the third stage the percentage content of nucleic 
acids once more falls and reaches a minimum during the 
flowering period (13,5-15.6%), 
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It is well known that plant growth and development 
may be stimulated by a number of chemical compounds 
[1, 2]. One of the interesting methods of bringing this 
about involves a pre-sowing treatment of seeds with solu- 
tions of the stimulating substances [1, 3, 4]. 

As many scientists have demonstrated, seeds of various 
plants do not respond to stimulators in the same degree, 
There are indications, moreover, that seeds which rapidly 
respond to stimulators show more pronounced growth re- 
actions in the early years of sowing than in later years, 

An elucidation of the causes of varying responses to 
stimulators by seeds of different varieties is of practical 
importance, 

Experiments along these lines were begun in the fall 
of 1957, The first experiments were carried out indoors, 
Wheat seeds of selected varieties were sown in two 50 
x 60cm flats, The following varieties were used: Lyutest- 
sens 62, Narodnaya, Melanopus 69, Rye-wheat hybrid 46/131 
and Tserulestsens 4, One flat contained control plants 
and the other those grown from treated seeds, A 0.5% 
aqueous solution of ash was used as a stimulator, Seeds were 
soaked in this solution for 24 hours at 18-20°, Control seeds 
were soaked in water under the same conditions, Seeds of 
each variety were soaked separately in test tubes. Im- 
mediately after soaking, they were sown in the flats (Nov. 
8, 1957), The treated Narodnaya and Tserulestsens 4 seeds 
were the first to sprout, The Rye-wheat hybrid 46/131 
seeds sprouted after 10-12 hours, Those of varieties Lyutest- 
sens 62 and Melanopus 69 sprouted 36 hours later than the 
Narodnaya and Tserulestsens 4 seeds, Control seeds of all 
varieties began to sprout at the same time as treated 
Lyutestsens 62 and Melanopus 69 seeds, Here it should be 
noted that the first sprouts in the control group appeared 
at the same time regardless of variety and that they de- 
veloped at the same rate, 

This experiment demonstrated, therefore, that an 
ash solution had different effects on seeds of different 
varieties, 

Since two varieties sprouted at the same time, and 
two others also sprouted together, though 36 hours later, 
it might be supposed that the first pair, Narodnaya and 
Tserulestsens 4, together with Rye-wheat hybrid 46/131, 
should have certain biological properties in common, and 
that by the same token the second pair, Lyutestsens 62 and 
Melanopus 69, should also have certain properties in com- 
mon, Another consideration arose, namely that here vari- 
etal age (the time elapsed from the development of the 


variety) might be of significance. The older varieties, 
Lyutestsens 62 and Melanopus 69, have already developed 
a stable inheritance pattern, and the younger ones, Narod- 
naya, Tserulestsens 4, and Hybrid 46/131 are more plastic, 
not having yet developed the capacity to breed true. To 
test this hypothesis, seeds of various varieties of hemp, 
corn, and tomato were sown indoors from January through 
April of 1958. Hybrid varieties with an unstable inherit- 
ance pattem, as well as old, stable varieties were selected 


for = se, 
ood ash, potassium bromide, and calcium mang- 


anate were used as stimulators; water was used as a control, 
In all cases seeds of the hybrid varieties which had been 
treated with stimulators germinated one or two days earlier 
than the controls, Seeds of old varieties germinated at 

the same time as controls, Numerous experiments per- 
formed by the authors have established that in increased 
concentrations stimulators partially or completely inhibit 
seed germination and shoot development of hybrid vari- 
eties, i.e., varieties with an unstable inheritance pattern, 
These experiments provide a basis for the conclusion that 
the effect of stimulaors is stronger the more plastic the 


seeds in question. 
An experiment was carried out in the field in 1958, 


Narodnaya, Lyutestsens 62, Melanopus 69, and Tserulest- 
sens 4 wheat seeds were used, One group of seeds was 
soaked 24 hours in a 0.1% solution of potassium bromide, 
another in a 2% solution of wood ash, and a third in water, 
At the end of the soaking period (April 23), all seeds were 
sown in small beds, each variety being sown separately, 
Narodnaya and Tserulestsens4 seeds which had been treated 
with ash produced shoots on the seventh day, On the eighth 
day shoots appeared in all the other beds, The young Naro- 
dnaya and Tserulestens 4 plants which had developed from 
seeds treated with ash were more vigorous and headed and 


so Sddition to wheat, various varieties of corn were 
sown, Those selected were the hybrid varieties VIR-2 and 
Bukovin-2 and varieties Spasov, Liming, and North Dakota 
(white-grained), Of the seed lots used, that of variety 
North Dakota, which had been obtained at the Penzen 
Regional Agricultural Experiment Station in northern Lunt- 
no, and which contained both white and yellow grains, 
turned out to be the most valuable, The yellow seeds were 
formed as a result of a chance cross pollination of the white 
grained North Dakota variety with some other old yellow 
variety; they are therefore typical hybrids with a new, 
plastic pattern of inheritance, 








From May 1 threngh May 4, some of the seeds of 
each variety\ =re treated with a 5% solution of wood ash, 
some with a 0.5% solution of potassium bromide, and 
some with water, Seeds were sown outside on May 5, 
The hybrid VIR-42, Bukovin-2, and yellow North Dakota 
seeds which had been treated with ash sprouted earlier 
than those treated with potassium bromide or water, Seeds 
of old varieties treated with ash or potassium bromide 
sprouted at the same time as the controls, Young plants 
of the hybrid varieties which had developed from seeds 
treated with ash grew more rapidly than the controls, At 
the same time, young plants of old varieties which had 
developed from seed treated with ash or potassium bro- 
mide grew at the same rate as the controls, An especially 
pronounced difference in the development of young plants 
was noted in those which had grown from yellow hybrid 
seed treated with ash, This difference was perceptible 
up to the end of the growing period, Experimental results 
were tabulated on August 25, and are shown in the table, 

From the table it is evident that wheat and corn 
seed with an unstable inheritance pattern which had been 
treated prior to sowing with an ash solution gave a signi- 
ficant increase in yield, while seeds of old, established, 
true breeding varieties did not do so under these condi- 
tions, 

In the spring of 1958, four varieties of tomato, 
Bizon 905a and Market Wonder, true breeding varieties, 
and Hybrid 20 and Early Ripening 1165, unstable varieties, 
were planted in a garden, Three times during the flower- 
ing period, half the plants of each variety were sprinkled 
with a solution of thiourea, TU, according to Rakitin’s 








method [4], and the other half, the control group, was 
left alone. 


The striking feature of the experiment was that the 
largest number of ovaries was formed in varieties with an 
unstable inheritance pattern (hybrid varieties) which had 
been treated with TU, Their fruits began to ripen 10-12 
days earlier than those of the controls and eight-nine days 
earl ier than those of the true breeding varieties. The 
total weight of fruits collected from the treated hybrid 
plants was 57% higher than that of the controls, while the 
total weight of fruits collected from the treated true breed- 
ing plants was only 8% higher than that of the controls, 

In this experiment, therefore, the effects of a given stimu- 
lator on varieties with differing inheritance patterns were 
diverse, Since the effect isstronger on varieties with more 
plastic inheritance patterns, it follows that in the course 
of several years’ treatment of a given variety with a parti- 
cular stimulator, it will be more pronounced in early years 
than in later ones, This is so because in each succeeding 
year the new generation becomes more and more stable 
and conservative, 


These results permit the following conclusions, 


Differences in reaction of different varieties to stimu- 
lators are Closely related to the balance between plastic- 
ity and conservatism in the heredity patterns of these vari- 
eties, The more plastic an organism, the more sensitive 
and rapid its response to stimulators, It is therefore ap- 
propriate to subject new and improved agricultural vari- 
eties with as yet unstable inheritance patterns to treat- 
ment with stimulators, 





The Effect of Stimulators on Yield of Various Wheat and Corn Varieties (yield expressed as % of control) 























Grain obtained from seed treated with: | Green tissue from seed treated with: 
a ts at a ai water potassium bromide | ash water | potassium bromide ash 
Wheat 
Narodnaya 100 115 122 - - - 
Tserulestsens 4 100 a27 130 - - ~ 
Melanopus 69 100 100 100 - - - 
Lyutestsens 62 100 100 100 - ~ es 
Corn 
VIR-42 . + - - 100 108 142 
Bukovin-2 - - - 100 108 132 
North Dakota, yellow- 
grained 7 . - 100 123 158 
Spasov 7 - 100 100 | 104 
Liming ? - - 100 100 100 
North Dakota, white- 
grained 





























In addition to organic and mineral compounds, wood 

ash can be used as a seed stimulator, 
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The formation and distribution of ascorbic acid in 
plants has been studied in detail [1, 2, 3]. It is thought 
[2, 4] that the chief site of synthesis of ascorbic acid is 
the leaf, Some workers have demonstrated a relationship 
between chlorophyll content and the accumulation of as- 
corbic acid [5, 6, 7], A number [8-12] have shown that 
light stimulates its synthesis in aerial plant parts, These 
studies have, thus, lent support to the assumption that as- 
corbic acid is formed only in chlorophyllous tissues, and 
that its biosynthesis is closely related to photosynthesis, 
This assumption has been challenged, however, by the 
latest work of Frank [3]. 

It is assumed [2] that after formation in the aerial 
organs, ascorbic acid is transported to the roots where it 
accumulates in considerable amounts, According to Egorov 
[2], the leaves of prickly wild rose contain 518.5 mg% of 
ascorbic acid, and the roots, 20.0 mg% on a dry weight 
basis; corresponding figures for creeping couch grass are 
300.5 mg% and 142.8 mg%, and for meadow horse radish, 
1208.6 mg% and 614.5 mg%. The high ascorbic acid con- 
tent of horse radish roots merits consideration, It is con- 
siderably higher than that of leaves of beet, clover, lucerne 
lupine, pumpkin, birch, or other plants, It is not incon- 
ceivable that in horse radish ascorbic acid is synthesized 
in the root system, 

In order to examine this possibility we employed the 


method of culture of isolated roots [14], one which might 
yield more precise information on this point, since iso- 


lated roots will grow for long periods under sterile con~- 
ditions in darkness on a nutrient medium lacking ascorbic 
acid, Weintraub [15] has noted that isolated bindweed 
roots grown in the light contained significantly more as- 
corbic acid than those grown in the dark, It should be 
pointed out, however, that ascorbic acid synthesis could 
in this case have been the result of activity of chloroplasts 
which had been formed at the base of the root, where a 
part of the hypocotyl had been retained, In these experi- 
ments the root tips had been obtained from seedlings di- 
rectly, i.e,, there had not been a long continuous culture 
with successive passages, Weintraub actually observed 
that chlorophyll had been synthesized in the light, There 
has not been any confirmation of these results at the pres- 
ent time, 

We used isolated lucerne (Medicago sativa) roots 
which had been growing in continuous culture for more 
than two years, and also roots of carrot, tomato, vetch, 
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and pea, The nutrient medium employed has been pre- 
viously described [16], In the experiments tips of lateral 
roots 25-30 mm in length were used, These were taken 
from sections of the main root which had been grown for 
one week before the beginning of the experiment on the 
same nutrient medium, Roots were grown in darkness at 
27° in 100 mm Erlenmeyer flasks, Each flask contained 
50 ml of medium .and one root, Experiments were re- 
plicated ten times, Roots were grown for seven to 28 days, 
depending on the particular conditions employed, All roots 
of a given species belonged to the same clone, i.e., they 
were derived from a single seed, Roots of lucerne, carrot, 
and vetch had been in culture for more than two years 
prior to the experiment, those o: tomato for more than a 
year, and pea roots for half a year, 

The ascorbic acid content of isolated roots of five 
different species is given in Table 1. 

These data show that isolated roots of different 
species synthesize ascorbic acid to different extents, Roots 
of legumes (pea, vetch, lucerme) are characterized by a 
relatively high synthetic capacity, Roots of legume seed- 
lings cultured intact in Petri dishes show a similar pattern 
of behavior (Table 2). 

Table 2 also shows that the ascorbic acid content of 
roots is not proportional to that of the aerial organs, 

A comparison of results presented in Tables 1 and 2 
reveals that the ascorbic acid content of isolated roots 
which were grown on a synthetic medium in darkness differs 
little from that of roots of seedlings which had been grow- 
ing in the light, On this basis it can be assumed that as- 
corbic acid found in the roots of seedlings is synthesized 
chiefly in the root system, These data further emphasize 


TABLE 1 Ascorbic Acid Content of Isolated Roots on 
Various Plants Grown Seven Days in Darkness 











Plant Wet wt of roots Ascorbic acid con- 
analyzed, mg tent, mg % of wet 
wt 
Carrot 410 8.01 
Tomato 212 6.65 
Lucerne 300 22.20 
Vetch 315 35.80 
Pea 300 36,74 
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TABLE 2 Ascorbic Acid Content of Roots and Aerial 
Organs of Ten-Day-Old Seedlings of Various Plants 
(in mg % of wet wt.) 




















In the light In the dark 
rene aerial roots | aerial roots 
organs organs 
Carrot 91,2 13.8 11.3 13.6 
Tomato 41.8 11.5 4,2 71.4 
Lucerne 20.3 22.6 8.5 8.5 
Vetch 68,2 50.8 36.3 29.4 
Pea 61.3 41,17 36.6 28.4 














TABLE 3 Ascorbic Acid Content of Isolated Lucerne 
and Tomato Roots Grown Seven Days in Light and In 
Darkness 








In the light In the dark 
total wet] ascorbic |total wet | ascorbic 
Plants wt of acid wt of acid 
roots, content, jroots, content, 


mg % mg % mg % mg % 











Luceme 

(first expt) 490 34,92 720 21.04 
Lucerne 

(second 

expt) 365 26.46 465 19,42 
Tomato 195 13.88 245 12,26 








the correctness of the prevailing view of the high meta- 
bolic activity and synthetic capacity of roots [17-20], 


Inasmuch as light promoted the accumulation of 
ascorbic acid in all organs of intact seedlings (Table 2), 
it was of interest to examine its effect on synthesis in iso- 
lated roots, Isolated lucerne roots were grown in complete 
darkness (flasks covered with black paper) and under fluor- 
escent light at 2140 lux for 15 hours a day, The experi- 
ment was continued for seven days, In spite of the fact 
that light inhibited root growth (decrease in length of main 
root and in number and length of lateral roots and reduc- 
tion in wet weight), the ascorbic acid content of roots 
grown in the light was considerably higher than that of 
those grown in darkness (Table 3), The same results were 
obtained in a similar experiment with luceme and tomato 
roots (Table 3), 


We are not yet sure why there is a significant in- 
crease in ascorbic acid content of roots in the light, Evi- 
dently, however, there is no good reason to assume that 
chlorophyll is involved, since the lucerne roots used had 
gone through 180 passages, i.e., they had been growing 
continuously in culture in complete darkness without 
aerial organs for more than 25 months, A more detailed 
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Ascorbic acid dynamics (in mg % of 
wet weight) in isolated lucerne roots 
grown for 28 days without renewal of 
medium, 


consideration of this question will be the subject of further 
investigations, 


We have also investigated the synthetic activity of 
isolated roots grown on the same unchanged medium for 
various periods, The pattern of change of ascorbic acid con~- 
tent of lucerne roots grown on the same medium for 28 days is 
shown for the seventh to the 28th day in the figure, As 
the root ages, the ascorbic acid level falls sharply, i.e., 
either there is a considerable decline in synthetic activity, 
or internal utilization of the vitamin is intensified, This 
is supported by the fact that there is almost no release 
of ascorbic acid into the medium, Analyses have shown 
that these are only traces present in the medium, Thus, 
aging in isolated roots, which is accompanied by a sharp 
reduction in growth rate after seven days, may be related 
to rate of ascorbic acid synthesis and also to certain meta-~ 
bolic functions as yet undefined, This phenomenon is 
evidently characteristic of the entire vegetable kingdom, 
since it is well known that during plant aging the ascorbic 
acid content declines, 


It appears to us that the demonstration of ascorbic 
acid synthesis in roots,which is independent of the aerial 
organs, makes possible a more detailed elucidation of the 
role of this vitamin in oxidation—reduction processes and 
in other metabolic activities of the root system, 
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Assuming that the root has a cylindrical shape the 
surface of a plant root system is usually calculated by the 
formula 

M= = cm, (1) 
where y = total volume of root system in cm*; d = average 
diameter of root system in cm, 

The average diameter of the roots of a plant system 
is determined by measuring rootlets of various orders under 
the microscope (including even the dead roots) and making 
a suitable statistical treatment of the measurements, The 
variable-sensitivity volumeter of Sabinin and Kolosov [1] 
has been widely used, The apparatus is more sensitive the 
closer the graduated capillary is to the horizontal plane, 
The device works on the basis of measuring the water dis- 
placed from a cylinder when the roots are submerged, Re- 
peated tests of the scales given by the authors both with 
respect to the similarity of replicated measurements and 
measurements of bodies of certain dimensions showed that 
the apparatus could easily attain a sensitivity of 0,1 cm? 
with good reproducibility of measurements, 

However, in our opinion the volumeter of Sabinin 
and Kolosov has deficiencies in its construction in that 
the process for determining the volume of a root system 
is too involved, thereby reducing usefulness of the appara- 
tus and the exactness of its readings. 

When the roots are taken out of the cylinder a cer- 
tain amount of water is unavoidably removed with them. 
Therefore, befor e submerging the roots and measuring 
the water displaced by them it is necessary to carefully 
bring the level of the water up to the starting mark in the 
capillary, Then just enough water is let out of the burette 
into the glass cylinder until there isno change in the level 
in the capillary which will re readjusted after the roots 
are submerged, This volume of water in cubic centimeters 


will be the volume of the root system, 
Our modernization of the Sabinin — Kolosov volu- 


meter depicted in the figure completely eliminates the 
shortenings of the apparatus mentioned earlier, A closed 
glass cylinder (a) is fixed in a wooden shelf mounted on 
the wall, An opening in the cylinder is equipped with a 
rubber stopper (s) for fastening the capillary (c) and a glass 
outflow tube (g) joined by rubber tubing (r) to the meas- 
uring tube (m) graduated in cm® and containing a stopcock 
(k) at the base, 
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Diagram of closed water volum- 
eter for plant root systems, 


The initial water mark before the roots are sub- 
merged is H, on the glass cylinder (a), ly on the capil- 
lary (c) and zero on the measuring tube (m) with the stop- 
cock open (k), Then the stopcock (k) is closed and the 
water level in the measuring tube (m) remains at the 
initial zero mark, The roots are submerged in the cy~- 
linder (a) and the water level rises to H, which corres- 
ponds to h, in the capillary (c), the stopcock (k) is opened 
and the measuring tube (m) is lowered until the water 
level in the capillary (c) reaches the initial zero mark, 
hy. The stopcock is again closed, It is quite evident 
that the volume of water in the measuring tube (m) will 
be the exact sum of the water in the capillary (c) and 
that displaced (a), Consequently, the exact volume of 
the roots submerged in the water is: 


Y = (H, — H;) -|- (hy or hy) cm, 
To increase the sensitivity of the apparatus the 
capillary (c) may be fixed in the rubber stopper (r) at 


(2) 
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any desired angle, 

In working with the apparatus particular attention 
must be paid to removal of fine air bubbles which affect 
the accuracy of data obtained, 

Air bubbles on the roots can be removed by stirring 
the cylinder (a) with a glass rod after the roots are sub- 
merged in the water, 

In order to prevent the formation of fine air bubbles 
on the surface of the glass and in the rubber tubing, it {is 
necessary to avoid sudden temperature differences be- 
tween the water used and the surface of the apparatus. 


If air bubbles are formed they can be ejected into the 
cylinder (a) by squeezing the rubber tubing (r) with the 
fingers, 

The apparatus is very simply constructed and pro- 
duces a probable error no greater than one gram of live 
root weight, 
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BOOK REVIEW 


PLANT PHYSIOLOGY, by D. F, Protsenko (478 pp., illus., Kiev, “Radyanska 
School," 1958) [in Ukrainian] 
Reviewed by G., V. Porutskii 

Translated from Fiziologiya Rastenii Vol, 7, No, 2, pp. 245-246, March-April, 1960 


D, F, Protsenko’s book was designed to conform with 
the program of the natural sciences faculties of pedagogic 
institutes and university biology courses and, as indicated 
in the preface, is the first attempt to create such a book in 
the Ukraine, 

D, F, Protsenko is well known for his studies on plant 
resistance and studies of history of individual problems in 
plant physiology. In this book he used his experimental 
studies and, as the preface states, attempted to establish 
a continuous link of plant physiology in each chapter with 
the practice of socialist agriculture, particularly in such 
chapters as management of growth and development, 
management of heredity in sexual and vegetative reproduc- 
tion, special features of soil and aerial nutrition. 

The shedding of light on all these problems as new 
paths to knowledge of vegetative organisms without even 
brief studies of plant vitality cannot possibly be complete, 
This book does not reflect studies by K. A, Timiryazev, 

I, V. Michurin on vitality and polar quality differentiation 
of plants, Studies by T, D. Lysenko on this problem are 
totally neglected, 

Differing from other texbooks and manuals on plant 
physiology, the author, as a prerequisite to stating the funda- 
mental course, writes a brief review of the history of plant 
physiology development, In detail and with great warmth 
he illuminates the scientific activities of the Kiev phys- 
iologists: I, V, Baranetsky, E. F, Votchal, V. N, Lyubi- 
menko, N, G, Kholedny. 

In the first chapter the author clearly formulates 
the physiology of the vegetable cell, general problems, 
the principles governing water intake into the cell, the 


general laws of osmosis, 
The author correctly indicates that a study of cell 


physiology is closely related to electrophysiology, espec- 
ially in the problem of soluble substance intake into the 
cell, Stopping with problems facing electrophysiology 
the author also includes studies on electrophysiological 
tissue polarization, 

Examining studies by N. G, Kholodny,on the effect 
of metal ions on geotropic movement (pp, 29, 74), the 
author reviews these without regard to plant stimulation, 
It should be noted that N, G. Kholodny related electro- 
physiological effects of metal ion influence as well 
as the value of a geoelectric effect to the physiology 






of stimulation, believing that the electrophysiological 
direction has a bright future particularly in this area, 


In the first chapter different methods of studying 
colloidal and other properties of protoplasm are described 
in detail, 


In the second chapter, "Water economy of plants," 
the optical properties and chemical action of water, pol- 
arization phenomena, binding of ions, etc, are described 
in detail, 


The study of the protoplasm's colloidal and elec- 
trical properties. also shed light on the unique phenomena 
of plant protoplasm, — selectivity and accomodation, The 
electrophysiology of absorption and evaporation confirms 
the importance of the protoplasm’s selective penetration 
and the electrical polarity of the cell surface which charac- 
terize the magnitude of the ions’ electrical mobility, 

Studying the polar penetrability of parenchyme 
cells which surround vessels, the author discusses in de- 
tail the views of D, A, Sabinin on principles of water in- 
take by the cell, but does not touch upon the action of 
of electroosmotic forces, The emergence of these forces 
were related by D, A, Sabinin to the difference in elec- 
trical potentials between inner and outer boundaries of 
protoplasm surfaces, In the emerging electrical field a 
transfer of water occurs directed toward the vacuole, The 
magnitude of potential difference, as was pointed out by 
D, A, Sabinin, depends on the intensity of respiration, 
which explains its great effect on water intake, In this 
connection N, G, Kholodny’s study (1924) on the change 
of bioelectrical pot entials in different organs depending 
on transpiration intensity should be mentioned, 

The third chapter is devoted to plant nourishment 
by light and air, to chlorophyll participation in light 
absorption and to pigments’ optical properties, In this 
regard a study by N, G, Kholodny (1935) also deserves 
mention; a study of the optical properties of oat coleop- 
tiles illuminated laterally by a diffused light which spreads 
along the shaded basal portion for a considerable distance 
and can produce a perceptible photochemical effect. 

The author describes in detail methods of studying 
photosynthesis from the days of Dutrochet to the present. 
At the same time the author paid little attention to the 
study of this process in natural field environments by 
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methods especially designed for this purpose (Votchal, 
Tolmachev), 

A positive characteristic of this chapter on light 
nutrition of plants, as well as other chapters in the book, 
is the constant tendency of the author to study all prob- 
lems in the light of adaptation of organisms to the surround- 
ing environment. The author develops in this direction 
the ideas of V, N, Lyubimenko,who brought evolutionary 
ideas to the photosynthesis sphere, and established the 
basis for studying phylogenetic development of the chlaro- 
phyll-bearing apparatus, 

In the fourth chapter — “Mineral plant nutrition" — 
the author included much experimental material of a 
physiological nature from studies by D, A. Sabinin, F, F, 
Matokov, I, I, Kolosov and others, The chapter is of 
interest not only to students but also to specialists in 
agriculture, 

Notwithstanding the large number of studies pub- 
lished in Soviet and foreign literature relating to the 
problem of mineral nutrition there is still no clear con- 
cept until the present of the value of nutrition as a ma- 
terial basis for creating internal contradictions and 
quality differences in the vegetable organism, The fact- 
ual material and the treatment of data given by the 
author are extremely interesting from this point of view. 

Of great interest is the fifth chapter — “Biocata- 
lysts of vital processes"— devoted to the contemporary 
state of hormonal phenomena in physiology, At the be- 
ginning of this chapter there is a detailed description of 
general properties of enzymes, vitamins, hormones as 
biocatalysts of vital processes, Passing over then to the 
discussion of the physiology of hormonal phenomena, the 
author emphasizes the important role of photohormones 
and vitamins in processes of growth, morphogenesis, 
nutrition, fruit formation and photosynthesis, 

In the sixth chapter — “Respiration and fermenta- 
tion® — the value of these processes in plant vitality is 
explained and the contemporary concepts of the chemi- 
stry of respiratory processes are discussed, It should be 
noted that these cardinal problems are amply treated 
and that the author's analysis is pertinent to the import- 
ance of the problem, 

The seventh and eighth chapters are devoted to 
the physiology of plant growth and development, The 
material of these two chapters presents the scientist who 
works in the area of growth and development physiology 


with a number of new problems the solution of which is 








very necessary: for instance, correlation, polarity, etc, 
Regrettably, the chapters relating to the problem of plant 
development are presented too briefly, their information 
is fragmentary despite the attraction of data on discussion 
of ontogenesis, This refers to problems of illumination 
processes, quality of light, conditions of soil humidity, 
etc, 

Of undoubted interest to wide circles of practical 
agriculturists and plant physiologists is the analysis of 
adaptation of individual plant groups presented in the 
ninth chapter, This analysis was made on the basis of 
new data published in specialized literature and supple- 
mented by the author's reflections on adaptive features of 
different plant species and races. The author's data show 
that disturbance of dormancy in different fruit trees is 
always related to a decrease in frost-resistance, 

D, F, Protsenko's book lacks a chapter on conver- 
sion and transmission of organic substances in plants, In 
this regard, the author does not discuss the concept of re~ 
serve substances, of the physiological value of lecithins, 
aleurone granules, waxes, or some organic acid salts, In 
the first chapter the author discusses members of carbo- 
hydrate, fat and protein groups very briefly. 

The book ends with itemized indices of subject and 
Russian and foreign authors, The text is abundantly illus- 
trated with graphs and drawings, very helpful for familiari- 
zation with the material, 

As a technical errors we point out that in the text, 
the data on sunflower respiration intensity is quoted as 
(page 106) 1 cm? hour, 18 layers (and not 18 cm’); 24 
layers (and not 24 cm”). The features of leaf structure 
as a transpiration organ were established by V. P. Zalen- 
sky and not by R, K, Zalensky (page 104), 

As to the merits of D, F, Protsenko’s book, credit 
is due to the wide dissemination of studies performed by 
Soviet Ukrainian scientists, who made a considerable con- 
tribution to the development of plant physiology. It is 
regretful that neither in the text nor the literature index 
is there any reference made to the studies of one of V. N. 
Lyubimenko’s pupils, A, A. Kuz’menko,on physiology of 
individual varieties, 

At the same time, the original presentation of 
important problems of plant physiology discussed by the 
author, from postulates of Michurin studies, undoubtedly 
makes it a valuable study manual, 
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EVENTS 


ON THE WORK OF CHINESE PLANT PHYSIOLIGISTS 


Lo Ts'ung-lo 


Director, Institute of Plant Physiology, Academy of Sciences Chinese People's 


Republic, Shanghai 


Translated from Fiziologiya Rastenii Vol. 7, No, 2, pp. 247-255, March-April, 1960 


The study of plant physiology in China began in 
1917, but the creation of bases of research and study, the 
dissemination of information obtained in research, and 
the training of scientific personnel began in 1930, From 
this time to the liberation, the centers of research in plant 
physiology were located mainly in certain universities, 
and investigation was carried out with insufficient equip- 
ment, By approximate count, not more than 160 papers 
in plant physiology were published in the 30 years prior 
to the liberation, and of these the majority were by 
foreigners, The published studies were limited to the 
physiology of growth, mineral nutrition, and metabolism; 
very few workers were concemed with such important sub- 
jects as photosynthesis, water relations, etc, Before the 
liberation there were very few research institutes in plant 
physiology; during 30 years not more than 20 specialists 
in this discipline were trained, 

After the liberation, under the direction and with 
the support of the party and the administration, the out- 
look for plant physiology in our country changed rapidly. 
In 1950 a laboratory of plant physiology was created in 
the Academy of Sciences, and soon afterwards (spring of 
1953) the laboratory was reorganized into the Institute of 
Plant Physiology. In 1956 the Peking Laboratory of Plant 
Physiology was created, At present there is specialization 
in plant physiology in three universities; departments of 
plant physiology have been organized in more than 50 
schools of higher learning, Divisions of plant physiology 
have also been formed in agricultural research institutions, 
The number of workers in only two of the institutes within 
the Academy of Sciences already exceeds 300, and if 
workers in the schools of higher learning and the agricul- 
tural research institutes are included, the total number of 
physiologists should be more than 500, But even this rate 
of development of plant physiology does not satisfy the 
requirements of the state, During the past ten years much 
attention has been devoted to the creation of new institutes, 
to equipping them, and to the training of personnel, Never- 
theless, research has been vigorous, and as a result about 
300 studies have been published, which exceeds two-fold 
the number of studies published during the 30 years prior 
to the liberation, This is eloquent testimony to the 
effectiveness of the socialist regime. 


The directives from the party and the administra- 
tion as to the direction that scientific research was to take 
have been of great value, Before the liberation, scientists 
selected subjects of study without taking into account the 
needs of the state; they even believed, moreover, that the 
farther from practical concerns their research was, the 
greater its worth, As a result, research was without any 
plan, The party and the administration have indicated 
that science should serve the development of the national 
economy, that theory should be closely related to practice, 
For ten years we have consistently attempted to act in 
accordance with this view. In contrast to former custom, 
we have gone into various parts of the country in order to 
study practical problems with the intention of lending our 
services to their solution, As objects of study we have 
chosen rice, wheat, cotton, and actinomycetes, and in de- 
veloping research institutions we select subjects closely 
related to agricultural practice where possible, During the 
last ten years, research in plant physiology has been con~ 
centrated mainly on the physiology of rice, The great 
jump in agricultural production in 1958 has strongly stimu- 
lated studies in plant physiology. In order to systematize 
the advanced knowledge in obtaining high yields which 
has been accumulated by the peasants, the majority of 
scientists have gone into the communes, where the cul- 
tivated fields have become for them experimental plots, 
Studies have been made in collaboration with the peasants, 
The manner of study has been changed, We physiologists 
have learned from the rich experience of the peasant, have 
become acquainted with the basic features of agricultural 
practice, have given expression to the problems which it 
poses the plant physiologist, and have, in essence, accom- 
plished the purpose implicit in the phrase "Science in the 
service of production,” At the same time a foundation for 
the development and improvement of plant physiology it- 
self has been created, In turn, the scientists have spread 
among the peasants scientific information and methods of 
study; because of their connection with production, it may 
be prophesied that in the near future scientific methods of 
study will be widely disseminated in the communes, Thus, 
in accordance with the slogan, "Science for the people?,” 
knowledge of plant physiology is rapidly being disseminated, 
and the contingent of workers in this field is growing in 
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numbers and in quality, which will promote the develop- 
ment of plant physiology in China, 

In order to solve the complex practical problems con- 
fronting us, we are obliged to develop all aspects of plant 
physiology. During the last ten years, therefore, we have 
devoted much attention to those subjects which had earlier 
lagged behind, such as photosynthesis, water relations, re- 
sistance, growth and development, etc, At present, studies 
are already being conducted in all the main areas of plant 
physiology with the exception of cell physiology. 

In a socialistic country science should subserve the 
economy, and therefore it should be developed in accord- 
ance with a plan, "A Plan for the Development of the 
Most Important Branches of Science and Technical Prac- 
tice,” which was developed in 1956 by the scientists of 
this country, represents a crucial event in the development 
of science in the Chinese People's Republic, Scientific 
research during the last ten years has been, for the most 
part, in accordance with the requirements of this plan, 

After the liberation, the party and the administra- 
tion stated unequivocally that we should study seriously the 
leading scientific work of the Soviet Union, We became 
acquainted with the work of I, V. Michurin and T, D, Ly- 
senko through Soviet literature, and also with the status of 
plant physiology in that country through exchange visits 
with their scientists, We believe that one of the charac- 
teristic features of plant physiology in the Soviet Union is 
the prominence accorded to Michurin's conception of the 
unity of the organism and its environment, By altering the 
environment it is possible to alter the hereditary character 
of the living organism; by this token it is possible to mani- 
pulate organisms in the interests of humanity, A second 
characteristic feature is the pervasive influence of the con- 
ception of the interdependence of organs within an organism 
and of individuals and the environment, A third charac- 
teristic feature of Soviet plant physiology is concerned with 
the idea that at various stages of its development a plant 
requires distinctly different environmental conditions, and 
that it responds to a given condition in different ways at 
different times, We note with satisfaction that these three 
conceptions have had a clear influence on plant physiology 
in our country during the last ten years, especially in the 
areas of growth and development, water relations, and plant 
resistance, 

Below I shall describe in part results of studies con- 
ducted in this country in the course of the last ten years, 

In a brief paper it is impossible to include all studies and 
to thoroughly describe them, I shall consider only some 

of the more important studies, 

Water relations, Rice is one of the principal grain 





crops in this country, It is natural, therefore, that investiga- 


tors first devoted attention to the water relations of this 

plant, Throughout its entire growing period, rice is con- 
stantly submerged, This has been the thousand~-year-old 
practice of the peasants, The depth of the water and the 
water requirement of the rice plants are the most import- 
ant problems to be considered in a rational irrigation re- 


208 





gime. In Tientsin under natural conditions, growth and 
productivity increase as the depth of the water is in- 
creased, Where the soil is only moistened, productivity 
falls, Productivity is lowest under bog conditions, where 
there is no irrigation, But the deeper the layer of water, 
the more the plants become recumbent [T's’ui Ching et al., 
1956], The water layer promotes absorption of NHq and 
Fe** but induces decreased levels of NOs, Fe***, and 
NaCl in the plant, It is of value in temperature regula- 
tion: during the day temperature fluctuates less when there 
is a deep layer of water [Ts'ui Ching et al,, unpublished], 
Although rice plants are hydrophilic, too deep a 
layer of water creates conditions unfavorable to develop- 
ment; accumulation of large amounts of water on the 
rice paddies is one of the causes of death and decay of 
rice plantings (Ts’ul Ching, 1955; Chou Ch'ang-Hsin, 
1957; Hu Huo-Shing, 1957], With deep flooding, plant 
height is increased, dry weight is decreased, and respira- 
tory activity is suppressed to varying degrees, The younger 
the plant, the more extensive is the injury to vegetative 
parts, If flooding occurs during spikelet differentiation, 
the reproductive organs are severely damaged, with ab- 
normal spikelets being formed, or the entire head dies, 


Injury frorn flooding is more severe during the stage of 
spikelet differentiation and less severe during tassel tor- 


mation and flowering [Wang Hung-Sh-ung, Lo Ts*ung-lo, 
1956]. Results of experiments on aeration, shading, and 
regulation of water temperature showed that the cause of 
death during flooding is insufficient oxygen in the water 
with the resulting disruption of metabolism, When water 
temperature is low, but there is supplementary illumina-~- 
tion and aeration, the oxygen deficiency is less severe, 
However, because synthesis cannot compensate for ex- 
penditures by the plants, they die from hunger. When 
water temperature is high and the plants are shaded, the 
oxygen deficiency is more severe and alcohols and other 
toxic materials are accumulated by the plants, Under 
these conditions they quickly die, even though there are 
residual supplies of sugar and nitrogenous materials pres- 
ent [Wang Hung~Sh’ung et al., unpublished], When ordi- 
nary rice, variety Lao-Lai-Ts*ing, or a variety requiring 
comparatively little water, such as Nang-T‘ang-Hang, 
are grown without irrigation, productivity declines, The 
reduction in yield is, however, greater in the former case 
than in the latter, Under the same soil moisture condi- 
tions (45% of saturation), the water coptent of Nang- 
T‘ang-Hang plants is greater than that of Lao-Lai-Ts'ing 
plants, Correspondingly, the water deficit in the former 
variety is smaller, the amount of free water greater, the 
ratio of free water to bound water higher, the amount of 
electrolyte exosmosis less, the heat resistance greater, 
and the development of the root system more pronounced, 
All this indicates that in variety Nang-T*ang-Hang drought 
resistance is greater than in the ordinary rice which is 
grown under flood conditions, 

In cultivation of Chinese cabbage under various 
conditions of water supply, it was observed that photo- 
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synthesis is most rapid at 70% soil moisture content, and 
ascorbic acid oxidase activity is highest at lower sofl 
moisture levels, Under unfavorable conditions of moisture 
supply, the amount of reduced ascorbic oxidase is de- 
creased, while the oxidized form is increased [Wang 
Hung-Ch'ung et al,, unpublished data]. 

Mineral nutrition, Growth and development of 
agricultural crops can be influenced by controlling levels 
of mineral nutrition at each stage of development. Nu- 
tritional conditions prevailing during the tillering stage 
determine clump density and spikelet number in wheat 
[T'ang Yut-Wui et al,, 1955; Pao Wing-K'uei and Yan 
Yui-J*ui, 1954], In wheat and rice, from the shoot elonga- 
tion stage to the heading stage abundant mineral supplies 
promote differentiation of floral organs, formation of 
heading shoots, and setting of seed, thereby causing an 
increase in yield [T’ ang Yui-Wuietal., 1955; Li Huong- 
Shu etal., 1956; Pao Wing-B'uei and Yan Yui-J'ul, 1954, 
1956, 1957], An increase in mineral supplies after head- 
ing results in an increase of seed protein, but the matura- 
tion period is prolonged [ T’ang Yui-Wui et al., 1955), 

If supplies of nitrogen, phosphorus, and potassium are in- 
creased during the shoot elongation stage, increase of 
nitrogen and phosphorus in the leaves, leaf sheaths, and 
ears on the main stems of wheat is more pronounced than 
when these minerals are supplied at other stages [Ni-Tsing- 
Shang et al., 1956], Some of the above-mentioned studies 
were Carried out with water cultures or soil cultures in the 
laboratory, and others were carried out in the field, but 
results were similar regardless of experimental conditions, 

The rate of fon absorption depends on growing con- 
ditions, Rice seedlings grown in distilled water absorbed 
ammonium nitrogen, NHj, more rapidly than other forms 
of nitrogen, Seedlings in a nutrient solution showed just 
the opposite behavior with respect to absorption of various 
forms of nitrogen, however. The present of K* promotes 
absorption of NO; by wheat seedlings, with a concurrent 
increase in utilization of reducing sugars [Ni Tsing-Shang, 
unpublished data], Addition of potassium salts to the soil 
increases the cation level in plants, but the calcium con- 
tent is decreased [Yui T‘ien-Jing et al., 1956]. 

Microelements, Copper, manganese, zinc, molyb- 
denum, and other microelements stimulate rice seedling 
respiration at low concentrations, Seedlings treated with 
these elements are less sensitive than untreated seedlings 
to respiratory inhibitors such as potassium cyanide, iodo- 
acetic acid, etc, [Chao Siu-Yuo, Ts’ui Ching, unpub- 
lished data], In tomato, zinc promotes the distribution 
of growth substances, which occur in larger quantities in 
the upper young leaves and in smaller quantities in the 
lower old leaves [Ts*ui Ching, 1954], Zinc is also in- 
volved in tryptophane synthesis, This is shown by the 
following experiments, Indole and serine were introduced 
into normal tomato leaves and leaves with low levels of 
zinc by vacuum infiltration, It was found that leaves of 
normal plants contained much tryptophane, while leaves 
of plants deficient in zinc contained very little trypto- 








phane, A zinc deficiency induces a marked reduction of 
peroxidase and polyphenoloxidase activity. Two weeks 
after introduction of zinc into a nutrient solution, the 
activity of these enzymes was completely restored, 

Many microelements stimulate plant growth. For 
example, growth of wheat leaf sheaths is promoted by 
manganese, zinc, and boron [Lu Ting-Tsi, Lo T'sung-lo, 
1950); that of wheat seedlings is promoted by zinc, copper, 
manganese, iron, molybdenum, boron, selenium, and lead 
(Ts*ui Ching, 1954); that of rice seedlings is promoted by 
zinc, copper, manganese, and boron [Li Ch'ang Yui,Liu Wu- 
Ling, 1956; Choa Siu-Yuo, Ts*iu Ching, unpublished 
data]. 

Seed vernalization is hastened by a preliminary 
treatment with microelements [Ts"ui Ching, Wang Pao- 
K*uei, 1957]. 

Many studies are concerned with the utilization of 
microelements in agricultural production, especially in 
rice production, Some workers use a seed treatment 
method [Miu Ts*ian Jang, 1956], and others apply the 
inicroelements to the soil [Wang Hsiang-K*ung, 1956; 
Ts'ui Ching, Wang Pao K*uei, unpublished data], Accord- 
ing to these workers, such treatments result in an increase 
in productivity of rice, Application of microelements 
also has favorable effects on wheat [Tai I-Tiang, 1955; 
Wang Hsiang~K*ung et al., 1956], soybean [Chu Ch’ih, 
1956; Wu Lif .Hsin Ch'ing-Yung, 1958; Wang Hsiang-K*ung, 
1956], cotton [Wang Hsiang-K’ung et al,, 1956], and veg~- 
etable crops [Li Ts*ia~Sheng et al,, 1955], 

Photosynthesis, In addition to carbon dioxide, green 
cells are able to reduce organic compounds with an al- 
dehyde group, such as acetaldehyde and benzaldehyde, 
the reaction being accompanied by release of oxygen; for 
example, Chlorella can reduce furfural [Yuang Ling-Fi, 
Tang P*ui Hsun, 1951], The process of photoreduction 
in isolated chloroplasts has a well defined induction period 
at the beginning of illumination [Wang T’ien-Tao, un- 
published data], 

When isolated leaf blades are supplied with sugars, 
starch formation is more rapid in the light than in the 
dark, By using various inhibitors and altering light in- 
tensity or composition of the air, investigators have shown 
that light is involved in the formation of phosphoric acid 
esters, This process occurs in the presence of small quant- 
ities of oxygen [Li Shu-Sung, Ying Hung-Chang, 1957], 

Carbonic anhydrase, which occurs in the cell sap of 
spinach, may be involved in CO, fixation [Yuang Ling-Fi, 
T‘ang P’ui-Hsun, 1951}, If fumaric acid and ammonia 
are added to a plant extract, glutamic acid is formed, this 
indicates that in addition to fixation of ammonia there is 
also fixation of CO, [T'ang P*ui-Hsun, Chao P*ui-Ching 
et al,, 1957]. The products formed by plants in the course 
of CO, incorporation will be different under different 
conditions, By using c'40, it was found that in Chlorella 
different organic acids are formed in red and in blue light, 
The nature of assimilates also depends on stage of develop~- 
ment, For example, in the heading stage cellulose is 
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formed, and in the milk stage alcohol-soluble materials 
or materials hydrolyzable by dilute acid are formed 
[Sheng Yung-Kang, Sheng Kung-Mao, unpublished data], 

The translocation, conversion, and distribution of 
photosynthates in cotton have a very strong influence on 
boll abscjssion, By means of shading, ringing, introduc- 
tion of sugars into plants, and analysis of distribution of 
organic compounds in the plant it has been shown that 
the main cause of boll abscission is an insufficient supply 
of organic nutrients, On branches which have been ringed, 
the greater the number of leaves, the fewer the bolls which 
absciss, If the ratio of leaf number to flower number {s 
2:1, the nutrient supply to the young bolls is adequate, 
and in that case even unfertilized ovaries will not fall 
[Tsing Cheng Chung, 1954-1956]. The rice crop is 
formed mainly as a result of photosynthesis occurring after 
flowering, Removal of leaves has shown that they are the 
chief sites of photosynthesis; the photosynthetic capacity 
of stems and heads is comparatively small. If part of the 
leaves are removed, reduction in crop yield is not directly 
proportional to the number of leaves removed, which in- 
dicates that the remaining leaves are able to compensate 
to some extent for those removed [Ying Hung-Chang, 1956; 
Chang Wang~-Shu, 1958; Hsun Jang-Ch'ing, 1957). 

An experiment with co, has shown that in rice 
significant amounts of assimilates are accumulated in 
stems before heading, After flowering, during the milk 
stage, they flow chiefly upward into the heads, there 
being little translocation into other parts, If there are 
two stems on a single root system, there is no flow of 
assimilates between them, If, however, the head of one 
of the stems is removed, then assimilates in this stem 
move into the other stem [Sheng Kung-Mao, Ying Hung- 
Chang, 1958]. 

Rate of photosynthesis in a given leaf depends on 
its position on the stem [Tsing Cheng-Chung et al., 1954], 
and also on fluctuations of solar radiation in the course 
of a day (Ni Tsing-Shang, Shi Tsio-Nai, 1957; Chung 
Hung-Shu, 1954; Li Shu-S*yan, unpublished data], 

According to results of experiments with rice in the 
laboratory and in the field, leaf area is greatest in the 
heading stage, and net productivity of photosynthesis is 
highest in the tillering stage; it falls gradually up to the 
heading stage, rises during the heading and flowering 
stages, and reaches a maximum in the milk stage [Cheng 
Ch’iian-Lung, 1958; Hsia Shu-Fang, unpublished data]. 

Metabolism and respiration. Starch synthesis in 
rice during the period from flowering to maturation de- 
pends on phosphorylase activity. In the flowering stage 
this is low, and then it gradually increases and reaches 
a maximum in the milk stage; in the waxy stage it falls 
gradually, and at the time of maturation it is almost un- 
detectable. This pattern of phosphorylase activity is 
correlated with the pattern of starch accumulation in 
the grain, A hydrolytic enzyme occurring in the rice 
grain is B-amylase, The pattern of change of its activity 
is similar to that for phosphorylase, but is not as pro- 
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nounced, In mature grains, no maltose can be detected, 
An experiment with c™ has shown that as soon as mal- 
tose is formed it is rapidly converted into sucrose, The 
rate of respiration reaches a maximum in the milk stage 
[Ying Hung-Shang, 1956], A metabolic study of wheat 

and rice during the period of grain formation and storage 
after harvest showed that accumulation and transport of 
materials is at a maximum during the first one to three 
weeks after flowering, The consumption of oxygen in 
respiration at this time is highest, as is phosphorylase 
activity [Ying Hung-Shang, 1956; Chao Tung-Fang, un- 
published data], In the wheat grain, ascorbic oxidase 
activity reaches a maximum during the first one or two 
weeks after flowering. During this period no polyphenol- 
oxidase can be detected, but it appears in the fourth week, 
Cytochrome oxidase activity is at a maximum during the 
storage period [Chao T*ung-Fang, 1958]. 

In cotton, respiratory activity increases markedly 
during flowering. It is always higher in normally de- 
veloping bolls than in those with a tendency ‘to absciss, 

In intact bolls, two days after flowering the content of 
soluble sugars increases, while this does not occur in 
bolls which have abscissed, This points to the cause of 
boll abscission as being mainly an insufficient supply of 
sugars, as a result of which growth stops and respiratory 
activity declines [Tsing Ch’eng-Ch'ung, 1956], Respira- 
tory rate and catalase activity of a fertilized orchid 
flower are higher than in an unfertilized flower, Starch 
is utilized less rapidly in a fertilized ovary than in an 
unfertilized one [Ts*ao Suan-Hsun, 1952}, 

The Embden — Meyerhof—Parnas glycolytic system, 
and also the Krebs tricarboxylic acid cycle, are found in 
rice seedlings [T*ang P*ui-Hsung et al., 1955], A pentose 
pathway has also been found [Tai Yung-Ling, Chiu Lo- 
Ch‘ang, unpublished data], Of the terminal oxidases, 
cytochrome oxidase [Ch*eng Chyiian-Lung, 1957], ascor- 
bic oxidase, and polyphenoloxidase [Li Ts*ui-Kue, unpub- 
lished data] have been found, Rice seedlings are able to 
oxidize butyric acid, certain amino acids, acetic, fuma- 
ric, succinic, and other acids, T'ang P*ui-Hsung believes, 
therefore, that respiratory metabolism of rice is poly- 
cyclic in nature, Under aerobic and anaerobic conditions, 
it involves different pathways, 

If rice seedlings are grown on a substrate containing 
NOJ, they develop a nitrate reductase, Under optimal 
conditions, synthesis of this enzyme requires a two-to 

five-hour induction period, Two days after the removal 
of NOs from the substrate the enzyme disappears, indicat- 
ing that this is truly an inducer of the enzyme [T’ang 
P*ui-Hsung, Wu Hsiang-Yung, 1957, 1958], 

Growth and development, A large number of de- 
velopmental analyses of rice, wheat, and cotton have been 
made over a ten-year period, Hundreds of varieties have 
been studied, and experiments have been designed on a 
nationwide scale, 

The chief conclusions drawn from these experiments 
are the following. 
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The vernalization temperature for rice falls between 
15 and 30°, and the length of the vernalization period is 
12 days at most [T’ang Hsi-Hua et al,, 1955], Latitude, 
altitude, and times of planting and ripening are important 
factors affecting the plants’ reaction to light [U Gun-nan, 
1957]. Differentiation of the terminal meristem can occur 
only after completion of the light stage. For passage 
through this stage under short days, a definite combination 
of nutritional and temperature conditions is required [T'ang 
Hsi-Hua et al,, 1955, 1956], 

A short day is necessary for normal completion of 
the light stage in Cajun perennial cotton with unfused 
cotyledons [Siwu Yiian-Ling, unpublished data], 

Winter hardiness of various varieties of wheat grown 
in this country has also been studied [Huan Tzi-Fong, Li 
Tze-Shu et al., 1956; Ts'ui Tzi-Ling et al,, 1955), 

In wheat, the light stage begins before differentia- 
tion of the terminal meristem and ends during formation 
of pistils and stamens [Huan Hung-Shu et al,, 1957; Hsia 
Ching-O, 1955; Ts'ui Tzi-Ling, 1955], During vernaliza- 
tion, the amoung of nucleic acid in the wheat embryo rises 
[Li Shu-Tziun, Ying Hung-Chang, 1956], 

In garlic, vernalization can occur during germina-~ 
tion, Development of the stem requires a low temperature, 
and bulb formation requires a long day [Li Shu-Tziun et al, 
1954], 

In rape, vernalization is normally completed at 0 
to 2°, and 18 to 20 days are required, With longer ver- 
nalization periods, the time of florai initiation and flower- 
ing is hastened, A 14-hour day is sufficient for normal 
growth and development, The effect of lengthening the 
vernalization period and shortening the illumination time 
per day is the same as that obtained by shortening the 
vemalization period and lengthening the illumination 
time, When unvemalized rape seedlings were grafted on- 
to flowering stems and then placed in a hothouse at a tem- 
perature above 20°, which is unfavorable for vernalization, 
the graft scion developed floral primordia and flowered 
[Ni Tsing-Nang et al,, 1955], 

Many developmental studies have been made on 
other crops such as cabbage [Li Shu-Hsian et al,, 1957], 
soybean [Wang Tsing-Ling et al., 1956], hemp [Hsiao P*ui 
et al,, 1951], ramie [Li Tsing-Tao et al,, 1955, 1957; 
T'ang Hsi-Hua et al,, 1958], flax and jute [Yung Chih- 
Cheng et al,, 1956, 1958], 

Vermalized plants flower and set fruit earlier and 
produce larger crops [T'ang Yui-Wung, 1951, Huan Tzi- 
K'ang, 1950; Chang Wang-Tze, 1955, Ts ‘ai Chi-Yung, 
1955; Chang Li-Tao, 1953, 1955; Tai Wang-Huan, 1956; 
Hsui-Hsin, 1957], 

Growth curves for many cultivated plants have been 
obtained; for example, for sesame [Chang Ying-Hsiaong, 
1951], for Indigofera decora L, [Yang Yun-K'uei et al., 





1951], for hemp (Hu Ming-Hsiang, 1950; Hsu-Nai-Chang, 
1953; Ch*eng Hsi-Ch’eng et al., 1954], and for cotton 
[Kuo Hsing-Hsing et al,, 1952], Observations of the effect 
of temperature and other environmental conditions on 


growth and development of plants or plant organs have 
been made [Ch'eng Hsi-Ch'eng et al,, 1955, 1957; Yang 
K*ai-Ch'u, 1958; Wang Li-Ch'uong et al,, 1956; Lin Shi- 
Cheng et al., 1956]. Experiments have been performed 
on the effect of environment on sexual transformations 
[Ts*ieo Tsung-Sung, 1957; Yo Yo-Hua, 1954; Hs Ting- 
Tzung, 1958], In wheat the length of seed dormancy varies 
with variety; seeds in a dormant conditions react to high 
temperature in various ways in the event that dormancy 

is interrupted, In rice, there is no dormant stage in the 
Indian subspecies, while there is one in the Sino-Japanese 
subspecies [Chao Shung-Fang et al,, 1956-1959}, 

Isolated tissues grown on artificial media often con- 
tain larger amounts of certain substances than do the ori- 
ginal tissues, For example, there is more citric acid in 
isolated tomato roots than in intact roots [Chao Tz*ia Hoé, 
1958], Carrot, tobacco, and sunflower calluses grown on 
an artificial medium have terminal oxidase systems dif- 
ferent from those of the maternal tissues [Lo Shih-Wui, 

Li Shao-Hua, 1957], 

Growth stimulators, During the period from 1956 
through 1959 the chemical faculty [Yang Shih-Hsiang, 
1957] of Nanking University has synthesized more than 
100 growth stimulators, In 1956 Ch’eng Lu~-Yu synthe- 
sized two derivatives of 2,4-D: 
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Two percent solutions of these derivatives had more 
effect on dicotyledonous plants than did 2,4-D, 

At low concentrations, 2,4-D stimulates plant res- 
piration, and at high concentrations it is inhibitory. Oxy- 
gen absorption is more strongly affected than CO, release, 
with the result that the respiratory quotient is increased 
[Lou Cheng-Hou et al.]. 

Gibberellin, likewise, stimulates respiration of the 
yeast, Rhodotorula, and of germinated seeds, Growth sub~- 
stances have an effect on protoplasmic viscosity [Ku 
Kung-Wui, 1957], In a willow cutting, they are trans~- 
ported downwards through the phloem, but not by simple 
diffusion, Here living cells play a role. This polarized 
movement is not altered by the force of gravity, As shown 
by ringing experiments, horizontal transport is of very 
considerable importance [Lo Ts*ung-Lo.T’ang Yui-Wi, 
1957}, 

An auxin oxidase extracted from etiolated pea 
seedlings is able to destroy growth substances in the oat 
coleoptile, and since this enzyme is specific for 3-in- 
doleacetic acid, the growth substance native to oat coleop- 
tiles is IAA and not auxin a or auxin b [T’ang YurWul, 
unpublished data]. 

A comparison of the effect of IAA on wheat coleop- 
tile growth with that of certain microelements (Mn, Zn, B) 
showed IAA to be less stimulatory [Lu Ting-Chih, Lo 
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Ts'ung Lo, 1950], Certain workers believe that the stimu- 
latory effect of microelements is closely related to growt 
substances, For example, if the level of Zn in tomato 
plants is high, that of growth substances is also high [Ts*ui 
Ching, 1954}, 

Many studies have been devoted to the use of auxin 
and heteroauxin in cultivation: for example, 2,4-D [Lou 
Cheng-Hou, Hsue Ting-Lung et al,, 1951, 1957] and 2,4 
5-T [Agricultural management, Iantsin district, Khyi- 
sunzyan province, 1958] have been used as herbicides 
for the chemical eradication of weeds over large areas, 
2,4-D has also been used to prevent the fall of flowers 
and ovaries in tomato and other crops [Hsue Ying-Lung 
et al., 1951; Li Shu-Hsuong et al,, 1954-1956; Mi Hsuo- 
Yui, 1956], and to prevent leaf fall in Chinese cabbage 
during storage [Li Shu-Hsuang, 1952; Lou Cheng-Hou et 
al,, 1954], All these studies have yielded positive results, 

Treatment of potatoes with maleic hydrazide three 
or four weeks before harvest, or treatment with naphtha- 
lene acetic acid (NAA) after harvest, prevents sprouting 

in storage [Li Shu-Hsuang, Hsue Ying-Lung et al., 1957; 
Chao T‘ung-Fang], Application of NAA, 2,4-D, and 
other substances to cuttings promotes the development 
of the root system of the Brazilian rubber tree (Hevea 
brasiliensis) [Lo Shih-Wyi et al., 1952] and of Zelkova 
Schneideriana [P’ang Ch’eng-Huang, 1956-1958] and 
increases their survival capacity. According to some 
workers, flowering and fruit bearing of Ananas can be 
controlled by the use of growth substances [Hung Ts*ang- 
Hsiang et al,, 1956], Treatment of Cyclamen indicum 
with 2,4-D increases the size of its bulbs and the number 
of flowers, and also hastens flowering [Lou Ch’eng-Hou 
et al., 1955]. Treatment of soybean with TIBA accel- 
erates its development and increases the number of floral 
buds [YangTz‘iuCh’ing et al,,1956], Since 1958, large 
scale experiments on the use of gibberellin in field crop 
cultivation and in fruit and vegetable growing have been 
carried out, 

Irritability and intercellular communication, De- 
termination of electrical impedance and the effect of 
polarity on living tissue has yielded information which 
indicates that while the plant cell is a conductor rich in 
electrolytes, it is surrounded by a protoplasmic membrane 
which is in effect an insulator, The connections between 
cells (plasmodesmata) strongly reduce electrical resist- 
ance and provide an effective means of transporting min- 
eral substances and electrical impulses [Lou Ch'eng Hou, 
1955], During pollen formation in garlic, wheat, and 
other plants, it is observed that in the young, newly form- 
ing tissues the protoplasm is highly active, with streaming 
through the plasmodesmata visible [Wu Su-Suang, 1955; 
Ching Kuo-Ts‘ang, 1956], Protoplasmic movement be~ 
tween cells may also be seen in mature tissues, In ger- 
minating tissues of garlic, as well as in mature tissues, 
cell structure undergoes frequent reorganization, with 
protoplasm from one cell being transported into another 
[Lou Ch’eng Hou et al,, 1956], This movement of proto- 
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plasm through the cell membrane is considered one of 
the means of transporting materials. Respiratory inh{bi- 
tors depress protoplasmic movement, indicating that it 
requires respiratory energy [Yuang Lung-F'ui, unpublished 
data]. 

The irritability of mimosa (Mimosa pudica) varies 
in the course of a day, At dusk the plant is most irritable, 
and at dawn it shows no response to stimuli [Hsue Ying- 
Lung, 1955], The main stems of pumpkins react to stimuli, 
though without any noticeable external movement; the 
area of propagation of an electrical impulse is, however, 
very large. This impulse traveis through the vascular 
bundles [Lou Ch’eng-Hou, 1958], Stimulation by heat 
causes transmission of a positive electrical impulse, This 
is very rapid, and cannot be attributed to diffusion of 
wound substances, 

Plant resistance, Resistance of agricultural crops 
depends on stage of development and growth, Lao-Lai- 
Ts*ing rice is less subject to injury by drought during the 
tillering and shoot elongation stage, and a subsequent 
watering even provides a certain stimulus to growth, Be- 
fore heading, however, this variety is highly sensitive to 
drought, with the result that the spikelet and flora bracts, 
and also the flowers, do not develop fully. Another variety 
of rice, Sh*ing-Li-Hs*iang, if exposed to drought during 
the flowering period, shows a marked reduction in yield, 
but suffers less injury if exposed prior to heading. The 
differing reactions of these two varieties to drought at 
different stages of development are explained in the fol- 
lowing way. In variety Lao-Lai-Ts‘ing, the water content 
of a young head decreases little during drought and its 
growth continues, with the result that considerable injury 
is suffered during the heading period, In variety Shin-Li- 
Sian,on the contrary, the water content of a young head 
falls rapidly during drought and growth ceases, as a result 
of which less injury is inflicted, Only after watering does 
growth resume in this variety [Yu Shu-Wing, unpublished 
data]. For rice, the critical periods with respect to water 
occur during differentiation of the head and also, accord- 
ing to preliminary data, at the five-leaf stage [Ts*ui Ti- 
Ling, unpublished data]. 

Aftera pre-sowing hardening of Nand 2419 wheat 
seed against drought, suction tension and the activity of 
certain enzymes (catalase and amylase) increase, ger- 
mination and sprouting are accelerated, the number of 
embryonic roots is increased, and the amount of hydro- 
philic colloids increases [Yui Shu-Wing, 1958; Ching 
Kuan~-Hua, 1957], When soil moisture supplies are low, 
the amount of bound water in hardened plants tends to 
rise, the water-retaining capacity is higher, and the a- 
mount of exosmosis of electrolytes decreases, Depending 
on soil moisture levels, the increase in productivity of 
hardened plants varies from 5 to 3%, Drought resistance 
is also increased by treatment of seeds with microelements, 
Cotton seed treated with a solution of copper sulfate pro- 
duces seedlings with more strongly developed root systems, 
larger stomata, greater suction tension, and with more 
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actively transpiring cotyledons [Kui M'ui-Suang, Ts*ui 
Ching, 1957]. 

The salt resistance of ten woody species growing in 
pots to which salt had been added was determined in the 
seedling stage, at the time of transplanting, and at the 
time of grafting. Results indicated that seedlings of Ailan- 
thus altissima Swingle and Aepoium seliterum Roxb, are 
most resistant, with seedlings of Robinia pseudoacacia L., 
Sophora japonica L,, Thuja orientalis L., Amorpha fruti- 
cose L,, and Gleditschia sinensis somewhat less resistant, 
went experiments in which saplings were transplanted, 
Robinia pseudoacacia proved to be most resistant, with 
Amorpha fruticosa, Sophora japonica L., Ulmus sp., and 
Gleditschia sinensis less resistant, 

A root graft of Ulmus and a Tamarix graft were 
fairly resistant. When the amount of salt in the soil was 
increased, germination was reduced, the time for shoots 
to appear was lengthened, and root development was part- 
ially suppressed, If salt is added gradually, the extent of 
injury is less than if it is added all at once, indicating a 
capacity of the saplings to adapt to saline conditions [Ting: 
T’sing et al., 1956]. Results of experiments with 35 woody 
species carried out on saline soils in the Dafun district of 
Zyansu province [Experiment station of the coastal forest 
preserve, 1958] were similar to those described above, 

Salt resistance of various agricultural crop plants has also 
been determined [Huan P*ui Shing, 1957). 

Pre-sowing treatment of Sophora japonica seeds 
with a solution of NaCl + Ca Cl according to the Genkel' 
method yielded the following results: the number of liv- 
ing cells and the amount of hydrophilic colloids in leaves 
of plants from treated seeds was greater than in plants 
from untreated seeds, i,e,, salt resistance was increased 
(Fang Sung, unpublished data], 

Salt resistance varies with stage of development, 

In the tillering stage, rice is sensitive to salinity, while 

in the final stages of growth this sensitivity is decreased, 
In the shoot elongation stage, exposure to saline conditions 
results in formation of abnormal spikelets and reduction 

in crop yield [Ting Tsing, Fang I-Sung, 1957], In cotton 
[Commission on reclamation of saline soils, Zyansu pro- 
vince, 1956] and fodder grasses [YU T*ian-Chin et al,, 
1956], sensitivity to salinity is also higher at early stages 
of growth, 

Comparing the salt resistance of mangrove leaves, 
sepals, and seedlings still on the material plant, P, A. 
Genkel' and Fang I-Sung found that it is higher in seed- 
lings than in flowers and fruits, and came to the conclu- 
sion that during germination on the maternal plant there 
is an adaptation to saline conditions. 

Tz*ao Yang-Mai winter wheat is quite winter hardy, 
being able to survive a temperature of —15° for 36 hours, 
The ratio of bound water to free water in this variety is 
very high, respiratory activity is low, and cell permeability 
is stable [Kao Yu-Ts*u et al,, 1957], In the subtropical 
areas of this country, the suction tension of the rubber tree 
(Hevea brasiliensis) falls as temperature falls, but the 





























transpiration rate is not as strongly affected, with the re- 
sult that the water balance is disturbed and the tree suffers 
injury [Tz"en Iu-Mosyii ,Chen Lu~Yuzyun, 1957}. 

An important factor in the rich harvests obtained in 
1958 is dense planting, On plots with a high rice yield, 
the maximum number of plants was as high as 800,000 
per mu (1/15 hectare), The optimum sowing density for 
wheat approached 215-375 kg/hectare, Too dense a 
sowing, however, reduces the amount of light available 
to each plant and the vegetative tissue is poorly developed, 
with the result that the plant easily falls over, 

A method of irrigating rice fields was worked out 
which combined a shallow flooding with soil drainage. 
With this method it was possible to obtain high yields in 
the Yangtze river basin. The superiority of the method 
resides in the fact that the moisture content of the air 
surrounding the plants is reduced, the oxidation— reduc- 
tion potential of the soil is improved, the development 
of the root system is enhanced, and growth of aerial parts 
is such that overdevelopment of the vegetative tissues, 
with the resulting tendency to recumbency, is prevented, 
Another factor in the obtaining of high yields is the use 
of large doses of organic fertilizers, The advantage of 
this procedure is that large amounts may be applied with- 
out injury to the plants, that N, P, and K are more equally 
distributed in the*soil, that physical, chemical and biolo- 
gical conditions in the soil are improved, and that with the 
slow decomposition of the organic matter there is an un- 
interrupted supply of mineral nutrients to the plants through- 
out the growing period, Deep plowing is also an effective 
means of obtaining high yields, Best results are obtained 
by plowing down to 26 cm; too deep a plowing has ad- 
verse effects, 

In order to determine the optimal nutritional area 
for a given plot, it is necessary to study the relation be- 
tween individuals and populations, and between aerial and 
subterranean parts, The main factor contributing to a re- 
duction of productivity of cotton or soybean is fruit ab- 
scission, while crop yield of rape is reduced both by pod 
fall and pod sterility. The cause of this is a disturbance 
of the normal relation between vegetative and reproduc- 
tive growth, Control of the equilibrium between these 
two processes is a necessary procedure in obtaining high 
yields of these crops, 


CONCLUSIONS 

The main features of the development of plant 
physiology in China during the last ten years may be dis- 
cerned from the foregoing. In general, research has been 
geared to the economic requirements of the country, Ten 
years cannot be regarded as a long period of time, Dur- 
ing this period we have, on the one hand, organized lab- 
oratories, trained scientific personnel, and created those 
conditions necessary for the performance of research, on the 
the other hand, research studies have been carried out 
over a wide front, For this reason, many of our contribu- 
tions are still at the stage of a superficial description of 
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phenomena, and we have as yet been unable to penetrate 
to the underlying essence of these phenomena, A more 
serious deficiency in our work is our failure to make 
greater use of the knowledge and methods of contemporary 
biochemistry and biophysics, 

In the selection of subjects for future investigation, 
we should use as a point of departure the economic re~- 
quirements of the country and the practical problems of 
agriculture. From the large number of problems facing 
plant physiologists the most critical elements must be 
isolated, and intensive, systematic investigations which 


convert practical experience into theoretical knowledge 
or which, conversely, solve practical problems through 
application of theory, must be carried out. It is therefore 
necessary to devote the requisite attention to basic theo- 
retical subjects, In the accomplishment of this aim we 
should utilize new and advanced methods in research, 
We are convinced that under the leadership of the Com- 
munist Party and with the support of our people the de- 
velopment of plant physiology in the next ten years will 
be still more rapid and complete, 

Translated from the Chinese by Chao-Shih-Hsi. 











INFORMATION 


CONFERENCE ON MINERAL NUTRITION 
Translated from Fiziologiya Rastenii Vol, 7, No, 2, p. 256, March-April, 1960 


F The K, A, Timiryazev Institute of Plant Physiology tion which determine plant productivity, The latest date 

of the USSR Academy of Sciences is organizing a confer- for acceptance of abstracts is August 1, 

ence entitled "Mineral Nutrition in Relation to Plant Meta- 

bolism and Plant Productivity” to be held in Moscow at Inquiries should be addressedto the Organizing Com- 

the end of 1960 and the beginning of 1961, mittee of the Mineral Nutrition Conference, Institute of 
Special attention will be paid to the metabolism of Plant Physiology, USSR Academy of Sciences, 15 Vladykin 

root systems in relation to their absorptive activity andto Road, I-273, Moscow. Definite dates for the conference 

the elucidation of physiological patterns of mineral nutri- will be communicated later, 


ra 


SYMPOSIUM ON THE PHYSIOLOGY OF GROWTH REGULATORS 
Translated from Fiziologiya Rastenii Vol. 7, No, 2, p, 256, March-April, 1960 


In October, 1960, in Budapest, there will be an In- G. L, Farkash, at the following address: Institute of Plant 
temational Symposium on the Physiology of Growth Regu- Conservation, Hungarian Academy of Sciences, 15 Her- 
lators organized by the Hungarian Academy of Sciences, mann Otto Street, Budapest, Hungary. 

Those interested in this symposium may obtain addi- 
tional information from the secretary of the symposium, 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 





IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 

FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNEI 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 





Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institut e of Physiotherapy 

State United Sci-Tech Press 

All Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 

State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst, Gen. and Inorganic Chemistry (N. S. Kurnakov) 
Soil Science Inst. (Acad. Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 
Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 
Scientific Institute for Fertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech. Press 

Division of Technical Information 

Russian Botanical Society. 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 
Central Scientific and Technical Laboratory 
All-Union Academy of Agricultural Sciences 
All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 
All-Union Institute of Plant Cultivation 


All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 


All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad, Sci. USSR) 





















Abbreviation* 


Agrobioi, 

Akusherstvo 1 Ginekol. 
Antibiotiki 

Aptechnoe Delo . 

Arkh, Anat. Gistol. 1 Embriol. 


Arkh. Biol. Nauk SSSR 

Arkh, Patol. 

Biofizika 

Biokhimiya 

Biokhim, Plodov i Ovoshchei 
Bot. Zhur. 

Byull. Eksptl, Biol. i Med. 


Byull. Moskov. Obshchestva Ispytatelei 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 

Eksptl, Khirurg. 

Farmakol, i Toksikol. 

Farmatsiya 

Fiziol. Rastenii 

Fiziol, Zhur. SSSR 


Gigiena i Sanit. 
Izvest. Akad, Nauk SSSR, Ser, Biol. 


Izvest. Tikhookeanskogo N. L Inst. 
Rybnogo Khoz. i Okeanog. 

Khirurgiya 

Klin. Med. 

Lab, Delo 

Med, Parazitol. 

Med, Radiol. 

Med, Zhur, Ukrain. 

Mikrobiologiya 

Mikrobiol. Zhur. 

Nevropatol., Psikhyat. i Psikhogig. 

Ortoped., Travmatol, i Protez. 

Parazitol. Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinol. 1 Gormonoterap. 


Problemy Gematol. 


Problemy Tuberk. 
Sovet. Med, 

Sovet. Vrachebny Zhur. 
Stomatologiya 


RUSSIAN JOURNALS FREQUENTLY CITED 
[Biological Sciences] 


Journal* 


Agrobiologiya 

Akusherstvo { Ginekologiya 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii 1 £mbriologii 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologii 

Biofizika 

Biokhimiya 

Biokhimiya Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Byulleten Eksperimentalnoi Biologii 1 Meditsiny 


Byulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentalnaya Khirurgiya 

Farmakologiya i Toksikologiya 

Farmatsiya 

Fiziologiya Rastenii 

Fiziologicheskii Zhurnal SSSR im. LM. 
Sechenova 

Gigiena i Sanitariya 

Izvestiya Akademii Nauk SSSR, Seriya Biologi- 
cheskaya 

Investiya Tikhookeanskogo N. L, Instituta 
Rybnogo Khozyaistva i Okeanografii 

Khirurgiya 

Klinicheskaya Meditsina 

Laboratornoe Delo (po Voprosam Meditsiny) 

Meditsinskaya Parazitologiya i Parazitarnye Bolezni 

Meditsinskaya Radiologiya 

Medichnii Zhurnal Ukrainskii 

Mikrobiologiya 

Mikrobiologichnii Zhurnal 

Nevropatologiya, Psikhyatriya i Psikhogigiena 

Ortopediya, Travmatologiya i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinologii 1 Gormonoterapii 


Problemy Gematologii i Perelivaniya Krovi 


Problemy Tuberkuleza 
Sovetskaya Meditsina 
Sovetskii Vrachebnyi Zhurnal 
Stomatologiya 


* BRITISH-AMERICAN TRANSLITERATION SYSTEM. 





(continued) 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

L M, Sechenov Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 

Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journal 

Stomatology 


(continued) 


Abbreviation 


Terap. Arkh, 

Trudy Gelmint, Lab. 
Trudy Inst. Genet, 
Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst. Okean. 


Trudy Leningrad Obshchestva Estestvoisp. 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Trudy Vsesoyuz. Inst. Eksptl. Med. 


Ukrain. Biokhim, Zhur. 
Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biol. 
Vestnik Akad. Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskov, Univ., Ser. Biol. i 
Pochvov. 

Vestnik Oftalmol. 

Vestnik Oto-rino-laringol. 

Vestnik Rentgenol, i Radiol. 

Vestnik Venerol, i Dermatol. 

Veterinariya 

Vinodelie i Vinogradarstvo 

Voprosy Klin. 

Voprosy Med, Khim. 

Voprosy Med. Virusol. 

Voprosy Neirokhirurg. 

Voprosy Onkol. 

Voprosy Pitaniya 

Voprosy Psikhologti 

Voprosy Virusologti 

Vrachebnoe Delo 

Zav. Lab. 

Zhur. Mikrobiol., Epidemiol. i 
Immunobiol. 

Zhur. Nevropatol. i Psikhiat. 


Zhur. Obshchei Biol. 
Zhur. Vysshei Nerv. Deyatel. 


Zool. Zhur. 


Journal 


Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriya 

Trudy Instituta Genetiki ; 

Trudy Instituta Gidrobiologiya 

Trudy Instituta Mikrobiologiya 

Trudy Instituta Okeanologiya, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoyuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoyuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biologiya 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriya 
Biologii 

Vestnik Moskovskogo Universitera, Seriya 
Biologii i Pochvovedeniya 

Vestnik Oftalmologii 

Vestnik Oto-rino-laringologiya 

Vestnik Rentgenologii i Radiologii 

Vestnik Venerologii i Dermatologii 

Veterinariya 

Vinodelie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 
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